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ABSTRACT 


Our  research  work  for  the  purpose  of  Btudylng  vertical  aerosol 
exchange  up  to  3000  m  a. 8.1.,  which  was  explained  in  our  pre¬ 
vious  reports,  has  consistently  been  carried  on.  It  comprises 
the  obtaining,  to  the  extent  possible,  of  uninterrupted  re¬ 
cording  data,  on  the  one  hand,  and,  on  the  other,  the  develop¬ 
ment  of  appropriate  methods  of  electronic  data  processing  and 
their  application  toward  the  derivation,  for  practical  utili¬ 
zation,  of  relations  between  aero'logioal  parameters  and  the 
incremental  exchange  coefficient.  Following  aro  details  on  the 
investigations  conducted: 

Obtaining  of  Data:  Continuous  recording  of  RaB  and  RaC  at  700  m, 
1800  m,  and  3000  m  a.s.l.;  computation  of  the  main  vertical  ex¬ 
change  coefficients  for  the  strata  between  these  levels,  and 
computation  of  the  ionization  rate  profile.  Recording  of  air 
conductivities  and  of  the  concentration  as  well  as  the  particle 
size  spectrum  of  Aitken  nuclei  at  the  same  levels.  Application 
of  these  data  for  computing  the  vertical  profiles  of  the  Aitken 
nucleus  profiles,  from  the  soundings  of  air  conductivities  bet¬ 
ween  the  said  levels.  Performance  of  more  than  400  soundings 
between  700  m  and  1800  m  a.s.l. ,  and  more  than  1000  soundings 
between  1000  m  and  3000  m  a.s.l.,  by  means  of  the  cable  car 
telemetry  systems,  for  obtaining  the  profiles  of  the  following 
parameters:  wind  velocity,  temperature,  humidity,  polar  air 
conductivities,  and  potential  gradient.  Application  of  the  pro¬ 
files  of  aerosol  particle  concentration  as  computed  from  the 
air  conductivity  profiles,  for  computing  the  profile  of  the  in¬ 
cremental  exchange  coefficients. 

Data  Handling:  Development  of  computer  programs  for  automatic 
computation,  from  the  said  recordings,  of  all  essential  para¬ 
meters  and  their  altitude  dependence;  automatic  transfer  of  the 
data  to  parameter  data  tables. 
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scientific  processing  of  Data:  Derivation  of  significant  sta¬ 
tistical  relations  between  aerological  data  such  as  gradients 
of  temperature,  of  potential  and  equivalent  potential  tempera¬ 
tures,  of  vapor  pressure,  cn  the  one  hand,  and  the  incremental 
exchange  coefficients,  on  the  other.  Detailed  analyses  to  in¬ 
vestigate  the  interrelations  between  all  essential  parameters, 
and  to  deduce  appropriate  principles  of  classification  as  a 
basis  for  future  improved  statistical  data  processing. 

In  the  appendix,  numerous  graphs,  copies  of  original  recordings, 
and  parameter  data  tables  illustrate  the  relations  found,  up 
to  now,  and  afford  a  glimpse  into  our  analysing  workshop.  The 
most  important  computer  program  is  printed  out  in  full. 

The  narrative  portion  is  concluded  by  a  preview  of  advanced 
studies  intended  for  the  near  future. 


I.  OBJECTIVES  AND  BACKGROUND 


Our  investigations  carried  out  during  the  period  from  1  July 
1970  until  30  June  1971  are  based  upon  the  preparatory  work  of 
the  preceding  years  of  operation.  The  fundamental  problem  of 
the  current  investigations  which  have  been  greatly  expanded, 
instrumentation-wise,  by  the  telemetry  system  aboard  the  Zug- 
spitze  cable  car,  has  been  expounded  in  detail  in  the  prece¬ 
ding  report  (1)  and  in  a  publication  (2).  It  is  assumed,  there¬ 
fore,  that  a  reiteration  of  the  final  objective  of  our  research 
may  here  be  dispensed  with.  Earlier  and  more  recent  literature 
references  to  be  considered  have  been  thoroughly  discussed  in 
(1,2),  also.  New  publications  by  other  scientists  of  any  im¬ 
portance  have  not  since  been  added. 

The  subject  to  be  presented,  however,  in  this  chapter  is  how 
does  the  work  performed  during  the  reporting  period  differ 
significantly  from  that  of  the  preceding  period  up  to  the  middle 
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the  cable  car  telemetry  systems  against  all  effects  cf  the 
weather  and  to  obtain  by  the  hi  homogeneous  oci*  ics  cf  recordings; 
(b)  to  develop  and  apply  the  physical  and  mathematical  bases 
for  i, he  complete  numeric  evaluation  of  the  recording  runs,  up 
to  r.iid  including  computation  of  the  incremental  exchange  coe¬ 
fficients;  (c)  to  continually  record  at  the  three  stations 
the  Aitken  nuclei  concentrations,  natural  radioactivity  (RaB, 
RaC),  and  polar  conductivities,  and  to  utilize  them  in  the 
evaluations;  and  (d)  to  derive  initial  deductions  from  the  re¬ 
sults. 


The  performance  of  evaluating  operations  wa3  predominantly  ba¬ 
sed  on  manual  processes.  However,  certain  phases  of  the  com¬ 
putations,  e.g.  those  of  Aitken  nucleus  concentration  from  the 
total  electric  conductivity  of  the  air,  and  of  the  incremental 
exchange  coefficients  from  the  vertical  gradients  of  the  con¬ 
ductivity  data,  were  already  performed  electronically  with  the 
Hewlett  Packard  desk  computer. 


Now,  during  the  reporting  period  of  1  July  1970  through  30  June 
1971,  the  entire  evaluation  technique  was  completely  changed. 

A  new  computer  (Intertechnique  Multi  0)  with  12  k  words  (1  word 
=  9  bit)  affords  us  the  possibility  to  perform  the  entirety 
of  all  computation  processes  in  one  single  operation,  and  to 
print  them  out  in  tables.  A  considerable  portion  of  the  time, 
however,  had  to  be  used  to  develop  computer  programs,  to  test 
them  and  adopt  them  to  the  computation  problem  in  all  details. 
The  newly  acquired  accessory  equipment  such  as  fast  reader  and 
fast  tape  perforator  afforded  new  possibilities  to  optimize 
the  computation  work,  however,  initially  required  time  consu¬ 
ming  conversions  of  the  computer  programs.  Furthermore ,  it  was 
necessary  to  transfer  our  stock  of  primary  data,  i.e.  the  crude 
data  read  from  the  recordings,  on  punch  tapes  by  means  of  te¬ 
letype,  and  do  this  both  retroactively  to  the  greatest  extent 
possible,  and  continually  up  until  they  were  caught  up  actu- 
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ally  with  the  daily  soundings. 

Hence,  there  was  only  a  relatively  short  period  left  for  a 
thorough  statistical  processing  of  the  data  material  as  the 
same  can  only  be  based  upon  the  final  tables  from  the  compu¬ 
ter.  nevertheless,  it  is  possible  in  this  report  to  convey 
some  interesting  -  tentative  -  results.  These  as  well  as  the 
detailed  analyses  described  below  are  in  this  case  based  upon 
Zugspitze  cable  car  soundings  only.  Analog  processing  of  the 
Wank  cable  car  soundings  will  be  done  later.  Also  the  vertical 
wind  profiles  recorded  by  both  systems  shall  be  considered 
at  a  later  date. 

It  is  by  no  means  gratifying  to  merely  process  the  data  ob¬ 
tained  statistically,  "blindly",  as  it  were.  Such  a  "blind 
statistics"  is  even  bound  -  if  solely  relied  on  -  to  lead  on 
to  wrong  tracks  and  into  incomplete  knowledge.  It  is  rather  an 
indispensible  necessity  to  analyse  in  detail  and  "individually", 
such  series  of  soundings  as  belong  together.  Only  from  such 
practice,  i.e.  from  an  undeniably  time  consuming  detailed 
analysis,  grows  the  foundation  of  experience  upon  which  a  mean¬ 
ingful  and  successful  statistical  evaluation  may  be  based. 

Part  of  this  report  will,  therefore,  deal  with  the  initial  re¬ 
sults  of  such  detail  analyses. 

Our  long-range  objective  is  -  beside  the  continuation  of  the 
soundings,  computer  work,  and  detailed  analysis  -  (l)  a  com¬ 
plete  synopsis  of  the  existing  interrelations,  and  (2)  solu¬ 
tion  of  the  problem  to  render  the  disclosed  interrelations 
applicable  for  practical  use. 
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II.  OBTAINING  Of  jjata 


1.  Technical  Facilities 

a} _ 

During  the  reporting  period  the  telemetry  system  in  the  Wank 
cable  car  was  working  without  any  troubles.  In  order  to  obtain 
data  by  it  which  are  comparable  in  every  respect  to  those  ob¬ 
tained.  by  the  Zugspitze  cable  car  system,  the  arrangement  of 
the  instruments  in  the  bottom  of  the  Wank  cable  car  was  changed. 
The  inlet  tube  for  the  measuring  air  flow  was  assimilated  to 
that  of  Zugspitze  cable  car  in  length,  diameter  and  position 
relative  to  the  body  of  the  car. 

To  begin  with,  the  telemetry  system  of  the  Zugspitze  cable  car 
required  some  further  improvements. 

Due  to  the  large  altitudinal  difference  traversed,  condensa¬ 
tion  would  occur  occasionally  on  some  of  the  sensitive  elec¬ 
tronic  parts  such  aB  resistors  of  extremely  high  ohmic  value. 

We  therefore  had  to  resort  to  installing  those  parts  into 
sealed  cartridges  which  are  kept  dry  inside  through  anhydrous 
GaO.  This  solved  the  problem,  and  even  the  most  severe  weather 
conditions  during  the  run  or  during  waiting  period  at  Zugspitze 
peak  no  longer  affected  the  functioning  of  the  unit. 

Furthermore,  it  was  possible  to  completely  eliminate  a  disturb¬ 
ing  sensitivity  of  the  cable  car  equipment  as  well  as  the  re¬ 
lay  station  at  St.  Martin's,  to  nearby  lightning  strokes;  so, 
interesting  recordings  are  now  available  from  inside  the  thun¬ 
derclouds. 

Both  systems  have  repeatedly  been  tested,  calibrated  and  com¬ 
pared  with  one  another  in  the  laboratory. 
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b| _ ?ecordings_of_Natural_Radioactivity_in_the_Air 

Recordings  of  KaB  and  RaC  concentrations  at  the  3  stations  were 
made  without  interruption,  evaluated  and  utilized  within  the 
scientific  program.  This  was  done,  on  the  one  hand,  by  computing 
the  mean  vertical  exchange  coefficients  between  700/1800  m  and 
1800/3000  m  a.s.l.,  and  on  the  other  hand  by  using  the  data  in 
computation  of  the  ionization  rate.  The  results  of  the  recor¬ 
dings  for  the  reporting  period  are  compiled  in  X.  Appendix, 
Section  4. 


ojl _ Recording_of_Aitken_Nuclei_Ooncentration_at_the 

Stations. 


Aitxen  nuclei  concentration  and  particle  size  distribution 
within  the  Aitken  nuclei  range  were  recorded  at  the  two  stations 
of  Wank  peak  and  Garmisch-Partenkirchen  without  any  interrup¬ 
tions  or  disturbances.  All  data  have  been  continually  analyzed. 
These  (and  many  other)  data  are  picked  up  and  processed  at  the 
latter  station  by  our  electronic  computer  system.  Apart  from 
basic  research  studies  on  Aitken  nuclei  and  their  behavior, 
these  data  are  primarily  used  as  a  basis  at  700  m  and  1800  m 
a.s.l.,  for  the  conversion  of  total  conductivities  into  nuclei 
concentrations. 

A  new  Aitken  nuclei  counter  of  the  make  Environment/one,  USA, 
was  installed  and  put  into  operation  at  the  Zugspitze  station. 
This  unit  is  smaller  and  lighter  than  the  GE  units,  which  is 
essential  for  operation  at  Zugspitze  peak  with  the  limited 
space  available.  But  despite  considerable  expenditure  of  re¬ 
pair  and  reequipment  efforts,  it  unfortunately  was  not  yet 
possible  to  obtain  homogenous  recording  series  over  more  than 
a  few  weeks. 
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Densities  at  the  Stations. 


During  the  reporting  period,  instruments  were  put  into  operation 
for  the  recording  of  polar  conductivities  and  space  charge  den¬ 
sities  at  1800  a  a.s.l.  (Wank  peak)  and  700  m  (valley  floor). 
From  the  terminals  of  our  cable  car  recording  range,  they 
furnish  data,  continuous  in  time,  for  direct  comparison  and 
link-up.  The  instruments  are  functioning  satisfactorily,  even 
under  bad  weather  condition.  The  equipment  that  had  been  pre¬ 
viously  installed  at  Zugspitze  peak  has,  without  interruption, 
been  yielding  recorded  data  which  have  been  evaluated. 

e) _ Numerical_Processlng_of_Recorc|ed_pata 

The  methods  of  numerical  processing  of  recorded  data  are  out¬ 
lined  in  (1,2). 

2.  Volume  of  Processed  Data 


From  1  July  1970  through  31  May  1971,  we  made 

413  recording  runs  by  Wank  cable  car  telemetry  system 
and  1,015  recording  runs  by  Zugspitze  cable  car  telemetry 
system. 

The  manual  evaluation  operations  that  were  still  necessary 
have  all  been  completed. 

During  the  same  period  380  Wank  cable  car  and  900  Zugspitze 
cable  car  runs  were  transferred  to  punch  tapes  and  mathemati¬ 
cally  analyzed  by  computer.  The  final  results  are  printed  out 
in  tabulated  form.  Based  on  the  fact  that  each  run  yields 
roughly  500  individual  data,  our  file  presently  comprises 
650,000  data. 
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III.  BATA  PROCESSING 


1 .  The  Physical-Mathematical  Fundamentals  for  Bata  Processing 

The  physical-mathematical  computation  operations  are  described 
in  '-very  detail  in  (1),  Chapter  IV  (also  cf  (2)).  They  were 
retained  in  every  detail,  hence  there  is  no  need  for  reiter¬ 
ation  here. 

2.  Brief  Description  of  the  Overall  Procedure  of  Technical 
Bata  Processing 

Processing  of  the  data,  starting  with  transfer  from  the  moving 
cable  car  up  to  the  print-out  of  the  completed  tables  is  shown 
in  Fig. 1 . 

The  sensors  and  the  transmitter  on  the  running  cable  car  trans¬ 
mit  the  measured  values  to  the  receiver  in  codified  form  and 
in  the  known  manner.  Thereupon  follows  the  electronic  decoding 
of  the  data  and  their  analog  recording  on  three  xy-recorders. 

The  y-channel  of  each  of  the  three  recorders  is  fed  with  the 
analog  pressure  signal  as  parameter  of  altitude.  The  x-channels 
are  occupied  by  the  analog  data  for  polar  air  conductivities, 
wet  and  dry  temperatures  and  potential  gradient  +  wind  speed. 

The  three  record  sheets  obtained  per  sounding  are  then  subject 
to  intermediate  manual  processing:  the  relative  values  are  read 
off  at  the  main  levels  (vertical  intervals  of  100  or  200  m) 
and  at  the  secondary  levels  in  between.  These  secondary  levels 
are  determined  by  the  processing  scientist,  based  upon  the  given 
aerological  fine  structures  of  the  soundings.  These  relative 
values  are  then  compiled  in  a  work  chart  (intermediate  table) 
per  Bounding.  Thereupon,  they  are  punched  (per  sounding)  on  an 
8-channel  punch  tape  by  means  of  a  teletypewriter.  These  tapes 
are  then  checked  for  errors  (omissions,  wrong  signs,  logical 
errors)  with  the  aid  of  a  test  program;  defective  tapes  are 
corrected  (rate  of  errors  not  in  excess  of  5$).  This  test  pro- 
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punched  tapes  are  read  via  the  fast  reader,  into  the  core 
store  of  the  computer.  The  reading  time  per  sounding  id  approx. 
2  seconds.  With  the  aid  of  the  computer  program  meanwhile  de¬ 
veloped,  which  likewise  has  to  be  read  into  the  core  store  of 
the  computer,  the  result  data  are  computed.  The  computation 
process  takes  120  seconds.  Thereupon,  the  result  data  are  pun¬ 
ched  by  means  of  a  fast  perforator  on  a  punch  tape  (approx. 

80  seconds  per  sounding).  It  is  advisable  to  punch  the  data  of 
several  soundings,  one  after  the  other,  on  a  continuous  tape 
of  250  m  length.  The  latter  is  then  fed  into  another  teletype¬ 
writer  which  will  print  out  the  result  data  in  the  form  of 
clearly  arranged  tables.  They  are  then  furnished  to  the  scien¬ 
tist  who  will  study  the  mutual  correlations  of  the  data, ta¬ 
king  into  consideration  any  characteristic  atmospheric  condi¬ 
tions. 

3.  The  Computer  Program  as  Such 

The  computer  program  is  described  in  full  in  Chapter  X,  Appen¬ 
dix,  5. 

4.  Description  of  Final  Data  Tables 


In  Chapter  X,  Appendix,  3,  a  number  of  Final  Bata  Tables  are 
printed,  true  to  original,  as  supplements  to  individual  runs. 
They  are  arranged  as  follows: 

Headings:  Z  =  Zug3pitze  system  (  W  =  Wank  system) 

Number  of  run;  Date;  Hour  of  start  of  run. 

a.  Main  levels  (Haupt-Niveaus" ) 

Vertical  intervals  100  m  for  Wank  system; 

Vertical  intervals  200  m  for  Zugspitze  system. 
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b.  Special  levels,  selected  by  temperature  structure 
( "MP-T  emperatur11 ) 

Vertical  intervals  are  roughly  30  m  as  a  minimum. 

c.  Special  levels  selected  by  humidity  structure  —  to 
the  extent  applicable  —  ( "MP-Peuchtigkeit11 ) 

Vertical  intervals  see  i • . 

d.  Special  levels,  selected  by  air  conductivity  struc¬ 
ture  —  to  the  extent  applicable  —  ( "MP-Leltfahigkeit11 ) 

Vertical  intervals  see  b, 

Meaning  of  letters  designating  vertical  columns  of 
Tables : 

Z  s  Number  of  level 

H  :  Altitude  (m.a.s.l.) 

P  ;  Pressure  (mb) 

T  :  Air  temperature  (°C) 

TP  :  Wet  temperature  (°C) 

PT  s  Potential  temperature  (1/10  °K) 

EPT  :  Equivalent  potential  temperature  (1/10  °K) 

E  :  Water  vapor  pressure  (mb) 

5  :  Specific  humidity  (  g/kg  ) 

RF  :  Relative  humidity  (mm?6) 

+L  :  Positive  polar  conductivity  (1Q-^  l/Ohm.m) 

-L  :  Negative  polar  conductivity  (lO1^  1/°hm'D1) 

+/-  :  Ratio  of  both  conductivities 

L  :  Total  conductivity  (see  above) 

DH  :  Height  difference  (m) 

TV  :  Virtual  temperature  (°C) 

G-T  :  Gradient  of  T 

G-E  :  Gradient  of  E 

G-S  :  Gradient  of  S 
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G-RF  :  Gradient  of  RF 
G-PT  :  Gradient  or  PT 

* T 

I  :  Ionization  rate  (ions/cm  aec) 

_  TK 

N  :  Number  of  Aitken  nuclei  (cm 

—  1  -  1 

A  :  Incremental  exchange  coefficient  (  g  cm  sec  ) 
D  :  Diffusion  coefficient  (cm^  sec-^) 

Definition  of  sign  of  gradients: 

The  gradients  are  positive  when: 

T  :  decreases  with  height 
PT  :  increases  with  height 
E  :  increases  with  height 
S  :  increases  with  height 
RF  :  increases  with  height 

The  meanings  of  the  letters  and  gradients  should  be  born  in 
mind  when  later  the  Tables  and  graphs  are  discussed. 


IV.  STATISTICAL  RESULTS 


1.  Preliminary  Remarks;  Kind  of  Relations  Studied;  Princip¬ 
les  of  Selection 


Our  basic  idea  in  the  statistical  analyses  was  to  find  signi¬ 
ficant  relations  between  the  fine  structure  characteristics 
of  the  meteorological  parameters,  on  the  one  hand,  and  the  res¬ 
pective  value  of  the  incremental  vertical  exchange  coefficient 
Ai  on  the  same  vertical  interval,  on  the  other  hand.  There  are 
numerous  possibilities  of  doing  so.  After  preliminary  tests, 
the  following  relations  appeared  sufficiently  promising  to  be 
numerically  investigated  (for  legend  see  above). 

a)  A.  »  f  (  G-T  ) 

b)  Ai  =  f  (  G-PT) 


Inversion  ■- 
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c)  =  f  (G-E)  Inversions  and  other  barring  layers 

d)  Ai  •=  ‘ f  (G-DT)  General  relation, 

There  was  no  question,  from  the  outset,  that  all  values  from 
the  computer  tables  were  not  suitable  to  be  "blindly"  used 
for  differentiation  of  the  structure  of  these  relations.  The 
definition  of  the  principles  of  selection,  however,  is  a  ten¬ 
tative  one  and  may  be  varied  or  supplemented  by  other,  addi¬ 
tional  ones  in  subsequent,  more  exhaustive  investigations.  In 
regard  to  the  above  defined  relations,  the  following  princip¬ 
les  of  selection  were  applied  in  the  following: 

a)  Data  of  such  vertical  intervals  only  were  used  (no 
matter  whether  bounded  by  main  or  special  levels)  containing 
distinct  temperature  inversions  (G-T  negative).  These  inver¬ 
sion  layers  were  required  to  have  settled  both  in  time  and  po¬ 
sition;  cases  with  a  marked  vertical  movement  of  the  inversion 
level  were  excluded,  likewise  such  with  a  sudden  formation  or 
disintegration  of  the  inversion  structure.  That  pair  of  values 
was  used  at  that  vertical  interval  where  the  steepest  negative 
gradient  of  T  was  reached. 

b)  Same  definition  as  a). 

c)  Again,  data  of  only  one  vertical  interval  were  used  per 
run,  with  the  following  conditions  applied:  if  there  was  no 
negative  G-T  value  anywhere  that  vertical  interval  having  the 
lowest  positive  value  was  selected;  if  there  was  a  vertical 
interval  with  -  G-T,  the  latter  was  used;  if  there  were  sever¬ 
al  such  the  highest  negative  G-T  value  was  used  as  criterion 

of  selection.  At  the  same  time,  G-E  was  required  to  3how  a  ma¬ 
ximum. 

d)  Almost  all  existing  pairs  of  values  were  used,  except 
such,  derived  from  periods  or  layers  where  the  structure  was 
subject  to  rapid  changes  in  time,  a  transformation  of  the  local 
meteorological  conditions  was  in  progress,  or  where  fog  or 


precipitations  were  traversed  during  a  run.  Likewise,  values 
from  layers  with  distinct  inversions  have  not  been  included; 
they  belong  under  b). 

In  the  following  part  of  this  we  show  the  distribution  of  the 
individual  pairs  of  values  as  dots  in  the  graphs,  on  the  one 
hand,  and  each  time  a  respective  statistical  evaluation,  on  the 
other.  The  latter  was  made  with  our  Hewlett  Packard  computer  which, 
in  the  meantime,  haB  been  equipped  with  an  extended  memory.  The 
pairs  of  values  were  keyed  into  the  computer.  The  latter  then 
separated  them  according  to  A-values,  To  this  end,  each  A  de¬ 
cade  was  subdivided  into  10  equal  intervals.  The  computer  au¬ 
tomatically  determined  the  40  mean  values  between  A^  =  0.1  and 
A^  a  1000,  plus  the  pertinent  criteria  of  significance 

e  + 

The  results  of  these  statistical  investigations  are  presented  in 
the  form  of  "stepped  graphs".  In  the  discussion  of  the  graphs 
below  the  above  listed  criteria  of  selection  should  be  born  in 
mind,  as  appropriate. 

2.  Relation  a  f  (G-T),  Inversions 

Pig.  2  shows  the  scattering  of  the  individual  pairs  of  values 
for  the  relation  Aj_  =  f  (G-T)  in  the  case  of  a  typical  inver¬ 
sion  (see  Section  IV. 1. a).  The  Btudy  covers  the  period  of  28 
July  1970  through  17  February  1971  with  a  total  of  388  pairs 
of  values.  The  graph  is  analogous  to  Fig.  23  in  (1).  A  compa¬ 
rison  of  the  result  depicted  in  said  graph  with  that  in  Fig. 

2  reveals  this:  In  principle  the  earlier  result  agrees  quite 
well  with  the  more  recent  one  except  that  the  reLation  = 
f  (G-T)  is  now  much  more  pronounced,  the  scattering  of  the 
values  is  narrower. 

Pig.  3  shows  the  analogous  result  of  a  statistical  analysis  with 
statement  of  scatter  CT^.  This  graph  clear Ly  shows:  There  is 


£&  C*;  -  x)* 
Cn- 1)  2 ru 


14 


a  strict,  significant  relation  oetwoen  an  incremental  excnange 
coefficient  in  the  range  of  A^  =0.1  through  300,  and  the  tem¬ 
perature  gradient  in  the  range  **  -  0.1  through  -10  °C/100  m, 
provided  that  the  inversion  in  the  vertical  interval  under  con¬ 
sideration  is  a  genuine , stable  and  largely  motionless  one  to 
which  the  AL  and  G-T  values  apply.  The  relation  is  independent 
of  season  or  time  of  day. 

Hence,  the  function  presented  in  Fig.  3  is  already  ripe  for 
practical  application. 

3.  Relation  =  f  (G-PT).  Inversions 

Fig.  4  shows  the  scattering  of  the  individual  pairs  of  values 
for  the  relation  -  f  (G-PT) .  It,  again,  applies  to  cases  of 
t.'pical  inversions.  The  principle  of  selection  is  defined  in 
Section  IV. 1,  a)  and  b).  The  period  of  the  study,  again,  stret¬ 
ches  from  28  July  1970  through  17  February  1971  and  covers  a 
total  of  289  pairs  of  values. 

With  the  scattering  of  values  not  too  wide  a  surprisingly  clear¬ 
ly  defined  logarithmic  relation  is  found  between  incremental 
exchange  coefficient  end  potential  temperature  gradient  G-PT: 

If  in  a  defined  vertical  interval  with  an  inversion  the  poten¬ 
tial  temperature  gradient  increases,  the  intensity  of  exchange 
in  the  same  layer  is  decreased.  The  following  rule  may  be  stated: 
Per  1  °C/1 00  m  increase  of  G-T,  A^  is  decreased  by  one  decimal 
power. 

Fig.  5  shows  the  analogous  result  of  a  statistical  analysis 
with  statement  of  scatter  <?«•  True  it  is  greater  than  in  Fig. 

3,  nevertheless  between  Ai  =  100  and  Ai  =  0.8  the  relation  may 
be  considered  well  established.  The  volume  of  data  material  is 
to  be  further  increased  in  order  to  make  the  relation  come  out 
even  luore  clearly.  This  particularly  applies  to  the  value  range 
of  >  A^  =  150  and  <^A^  =  1. 
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A  A 1  ri  A  f  rnm  th«nA  ntatAmAnta  ua  iPo^T^  Justified  in  dnisiTl"  thsi 

this  function  =  f  (G-PT),  too,  may  already  be  prac U. cally 
applied. 

We  o  nsider  the  statement  important  that  now  we  have  two  cri¬ 
teria,  independent  from  each  other,  to  quantitatively  state 
the  barring  effect  of  an  inversion,  viz.  the  function  in  Pig. 

5  and  that  in  Pig.  3.  Prom  now  on,  the  layer  having  the  stron¬ 
gest  barring  effect  may  immediately  be  determined  from  the  aero- 
logical  data:  negative  temperature  gradient  and  positive  poten¬ 
tial  temperature  gradient  must  be  at  maximum  values. 

4.  Relation  =  f  (G-Eh  Inversions  and  Other  Barring  Layers 

In  studying  the  relation  between  the  incremental  exchange  coef¬ 
ficient  A^  and  the  gradient  of  water  vapor  pressure  (G-E)  we 
have  dropped  the  demand  that  a  genuine,  stable  and  stationary 
inversion  must  exist.  With  the  aid  of  the  gradients  of  tempe¬ 
rature  and  potential  temperature  we  have  merely  searched  for 
a  barring  layer  in  general  (for  definition  of  principle  of  se¬ 
lection  see  Section  IV.I.c).  For  the  layers  thus  defined  we 
then  studied  the  above  described  relation,  using  data  from  the 
period  of  28  July  1970  through  17  February  1971.  The  graph  con¬ 
taining  the  individual  pairs  of  values  is  shown  in  Fig.  6; 
the  results  of  the  statistical  analysis  is  presented  in  Pig.  7. 
Between  A^  =  100  and  A^  =  1  we  find  a  significant  logarithmic 
function  having  a  relatively  narrow  scatter  with  only  263  pairs 
of  values.  It  appears  desirable  to  increase  the  data,  parti¬ 
cularly  in  the  limiting  zones.  The  rule  has  been  established 
that  A A  will  be  increased  by  one  decimal  power  when  the  nega¬ 
tive  value  of  G-E  is  increased  by  1  mb/100  m  -  and  vice  versa. 
This  is  comprehensible  in  principle  since  the  vertical  exchange 
of  water  vapor,  too,  is  controlled  by  the  amount  of  the  A±  va¬ 
lue.  Nevertheless,  it  is  probable  that  the  graphs  6  and  7,  for 
the  first  time,  convey  a  tangible  picture  of  the  function  as 
such  as  it  is  actually  applicable  in  the  atmosphere. 
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With  this  function,  now,  we  have  an  independent  third  criterion 
by  which  to  locate  layers  having  a  barring  effect,  and  to  de¬ 
termine  the  degree  of  their  barring  effect. 

5.  Relation  A1  =  f  (G-PT).  General  Cases  other  tan  Inversions 

Within  the  scope  of  the  previous  studies  we  had  limited  oursel¬ 
ves  to  either  typical  inversions  (Sections  2  and  3)  or,  at 
least,  layers  of  such  aerologic  structure  as  to  permit  the  infe¬ 
rence  of  a  barring  effect,  including  inversions  (Section  4). 

To  the  extent  that  criteria  of  selection  were  applicable  at  all, 
the  values  of  one  layer,  at  maximum  two  layers,  per  run  were, 
in  this  manner,  to  be  taken  into  consideration.  The  study  now 
being  discussed,  however,  covers  all  layers  (any  number  per  run) 
except  such  containing  an  inversion.  As  explained  in  Section 
IV.I.d)  ,  the  following  have  also  been  left  outside  of  consi¬ 
deration:  cases  with  a  rapid  transformation  of  the  weather  con¬ 
dition,  with  precipitations,  or  runs  entirely  or  partly  through 
clouds. 

Preliminary  studies  have  revealed  that  above  all  the  potential 
temperature  gradient  is  very  well  suited  for  this  kind  of  a 
general  statistics. 

In  order  to  determine  whether  seasonal  differences  might  play  a 
part  in  this  we  have  subdivided  the  entire  period  from  which 
values  are  available,  into  28  July  1970  th  •:Oi<gh  ■  1 2  ilovember 
1970,  and  13  November  1970  through  17  Pebi;\  vr-  fV'r.  We  shall 
here  dispense  with  a  presentation  of  the  disi  ‘  . -ion  of  in¬ 

dividual  pairs  of  values,  even  more  so  as,  l/i  view  of  the  lar¬ 
ge  volume  of  data,  this  kind  of  evaluation  would  have  been  too 
expensive. 

The  results  of  the  statistical  investigations  are  shown  in  Pigs. 
8  and  9,  with  statements  as  to  the  respective  scatters.  Prom 
both  figures  a  clear  and  strict  relation  becomes  apparent  (A^ 

=  f  (G-PT)),  scattering  only  insignificantly  in  the  range  bet 
ween  =  1000  through  A^  =  1.  At  A^  ^  1  the  relation  becomes 


uncertain,  as  demonstrated  oy  Pig.  10  the  results  from  both 
periods  of  time  are  in  good  agreement  with  one  another,  hence 
there  is  no  seasonal  impact. 

The  relation  depicted  in  Pigs.  8  through  10  applying  to  those 
atmospheric  layers  which  are  not  of  the  nature  of  an  actual  in¬ 
version,  clearly  deviates  from  that  deduced  for  typical  inver¬ 
sions  (Pig. 5).  The  reason  for  this  deviation  is  yet  to  be  clari¬ 
fied. 

The  function  =  f  (G-PT)  resulting  from  Pigs.  8  through  10  is 
suited  for  deducing,  in  practical  work,  from  G-PT  values  the 
strength  of  vertical  exchange,  unless  typical  inversions  are 
being  delt  with  in  which  case  the  function  pursuant  to  Pig.  5 
is  to  be  applied. 


V.  DETAILED  CASE  STUDIES 


1 .  Preliminary  Remarks 

The  following  case  studies  are  partly  based  upon  the  original 
recordings  by  cable  car  telemetry  system  and  pertinent  parame¬ 
ter  data  tables  supplied  by  the  computer.  The  wind  profiles  are 
not  yet  taken  into  consideration.  The  graphs  and  tables  are 
compiled  in  SECTION  X,  APPENDIX,  3.  They,  at  the  same  time, 
afford  a  glimpse  into  our  "Analysis  Workshop".  The  numbers  of 
the  levels  in  the  recordings  correspond  to  the  numbers  of  levels 
in  the  tables.  On  the  other  hand,  the  case  studies  are  based 
upon  a  study  of  changes  in  time  of  certain  structural  elements 
at  the  inversion  level  and  pertinent  numeric  values  of  func¬ 
tions:  =  f  (G-T),  =  f  (G-E)  and  =  f  (G-PT).  Separate 

graphs  which  are  given  consecutive  figure  numbers  serve  this 
purpose  (SECTION  X,  APPENDIX,1).  In  the  graphs  on  which  the 
values  of  the  aforesaid  3  functions  are  entered,  we  have  also 
plotted  the  "normal  progress"  of  each  respective  function,  in 
the  form  of  dotted  areas,  which  also,  based  upon  Pigs.  3,  5,  7, 
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indicate  the  mean  scatter.  The  examples  to  he  discussed 
hereinafter,  are  marked  with  identification  letters  in  alpha¬ 
betical  order.  These  letters  have  been  transferred  to  all 
graphs,  recordings  and  tables  (also  those  in  SECTION  X,  APPEN¬ 
DIX,  'O  so  no  doubts  may  arise  as  to  their  correlation. 

The  runs  of  one  and  the  same  day  bear  encircled  numbers  in 
chronological  sequence.  These,  too,  are  also  found  on  all  re¬ 
cordings,  graphs  and  tables,  hence  the  variations  of  all  data 
in  the  course  of  time  are  readily  recognized. 

Following  are  some  necessary  remarks  on  the  problem  of  equi¬ 
librium.  An  aerological  structure,  e.g.  the  variation  of  tem¬ 
perature  across  an  inversion  layer,  and  the  vertical  aerosol 
profile  across  the  same  vertical  interval  can  be  in  lawful 
correlation  to  one  another  (as  shown,  e.g.  in  Figs,  3»  5,  7) 
only  if  there  had  been  enough  time  for  the  setting  of  some 
stationary  condition.  There  are  two  possibilities: 

a)  A  temperature  inversion  is  created,  very  rapidly,  say  in 
less  than  1  or  2  hours,  through  some  processes  which  are 
known  in  principle.  At  the  moment  of  its  formation,  the 
aerosol  profile  cannot,  as  yet,  have  been  accommodated  by 
this  inversion  to  the  instantaneous  barring  effect.  The 
adaptation  process  requires  a  few  hours;  for  instance,  by 
evacuation  or  coagulation  of  aerosol  particles  above  the 
inversion  and  concentration  below,  until  equilibrium  has 
been  set  based  upon  the  mere  eddy  diffusion  process.  Not 
until  then  can  a  lawful  correlation  exist,  and  parameters 
be  within  the  normal  ranges  of  the  functions  per  Figs.  3, 
5,  7. 

b)  With  the  barring  effect  of  an  already  existing  inversion 
being  constant  in  time,  the  source  strength  of  the  aero¬ 
sol  in  the  layer  below  the  inversion  may  change,  or  aero¬ 
sol  may  be  brought  in  or  drawn  off,  through  advective  pro¬ 
cesses.  In  this  case,  again,  the  equilibrium  of  diffusion 


lo  ItMupui-arily  disturbed  and  Lime  is  required  for  read¬ 
justment. 

c)  It  may  happen  that  aerosol  fluxes  from  some  a  source  into 
the  lower  atmospheric  layers,  where  it  will  spread  for  the 
time  being.  At  the  upper  boundary  of  the  thus  developed 
haze  layer,  an  exradiation  of  heat  begins.  This  causes 
continuous  cooling  and  formation  of  vertical  temperature 
structures  which  react  back  upon  the  vertical  aerosol  di¬ 
stribution.  In  this  instance,  again,  the  result  may  be  a 
disturbance  of  the  eddy  diffusion  equlibrium  of  long  du¬ 
ration. 

Other  processes  are  possible  which  shall  not  be  discussed  in 
this  context.  The  following  studies  are  to  show  the  meteoro¬ 
logical  conditions  under  which  an  equilibrium  of  diffusion  is, 
as  a  rule,  encountered,  or  not  encountered,  and  what  numeric 
relations  will  be  found  in  each  respective  case. 

2.  Example  A.  5  Oct  1970.  Pies  11  through  14 

Spontaneous  formation  in  the  medium  altitude  zone  of  a 
moat  sharply  defined  inversion,  which  from  noon  on  des¬ 
cends. 

Equilibrium  of  diffusion  set  from  the  beginning. 

Looking,  to  begin  with,  at  the  original  soundings  (APPENLIZ)  we 
find  that  at  around  1100  CET  (run  0)  neither  T  nor  TP  show 
any  distinctive  structure,  and  this  is  true  of  the  entire  ver¬ 
tical  interval.  The  temperature  gradient,  however,  is  weak, 
and  humidity  is  decreasing  with  height.  The  polar  conductivi¬ 
ties  +L  and  -L  are  steadily  increasing  from  level  11  to  level 
5.  The  causes  of  their  variations  above  level  5  do  not  concern 
us  in  this  report.  At  1157  CET  (run  1)  already,  a  sharply  de¬ 
fined  inversion  exists  immediately  below  level  6,  with  humi¬ 
dity  decreasing  with  increasing  height,  which  1b  clearly  re¬ 
flected  in  the  behavior  of  +L/-L.  In  the  course  of  the  day  the 
picture  of  a  typical  temperature  inversion  with  humidity  break 
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becomes  more  and  more  distinct.  At  the  same  time  the  abrupt* 
nesa  of  the  break  of  +L  and  -1  keeps  increasing,  and  the 
aerosol  concentration  below  the  layer  of  the  break  is  conti¬ 
nually  growing  (the  values  of  +L  and  -L  are  decreasing). 

Thun  the  gradient  of  the  aerosol  concentration  across  the 
layer  of  the  break  is  getting  steeper  and  steeper.  From  noon 
until  night  the  level  of  the  inversion  is  continuously  des¬ 
cending. 

Let  us  now  take  a  look  at  the  detailed  analyses  in  Figs.  11 
through  14,  Fig.  11  shows  changes  in  regard  to  altitude  and 
time  for: 

a)  the  layer  where  the  inversion  is  located  (“®~Tmax) * 

b)  the  level  with  a  minimum  value;  and 

c)  a  maximum  value  of  the  equivalent  potential  temperature 
EPT. 

With  regard  to  b)  and  c)  the  following  must  be  added:  in  case 
of  well  defined,  stable  inversions  scarcely  variable  in  time 
or  space,  or  other  barring  layers,  a  minimum  of  EPT  is  encoun¬ 
tered  above  the  barring  layer,  with  a  maximum  within  or  below 
its  level.  In  the  absence  of  barring  layers  EPT,  as  a  rule, 
decreases  evently  with  decreasing  height.  Thus  barring  layers 
normally  also  identify  themselves  by  an  "inversion"  in  the 
course  of  EPT,  which,  however,  proceeds  inversely  to  T.  The 
fact  that  this  EPT  inversion  (signs:  -  and  =  in  Fig.  11)  is 
convected  together  with  the  temperature  inversions  proper 
(sign:  l_J  )  is  clearly  apparent  from  Fig.  11.  This  figure  also 
reflects  the  time  slope  of  A^.  During  the  descent,  to  begin 
with,  A^  increases.  In  the  evening,  when  the  inversion  has 
settled,  A^  drops  to  a  minimum  value  of  only  0.3. 

In  Fig.  12  we  study  the  variations  with  time  in  the  range  of 
the  function  A^  =  f(G-T)  within  the  inversion  layer  of  runs 
1  through  4.  The  variation  of  the  pairs  of  values  occurs  ex¬ 
clusively  inside  the  (dotted)  normal  range.  Thus,  A  during 
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the  descent.  (run  1  after  2  to  l)  increases,  U  iu  true,  out 
G-T,  too,  changes  by  a  corresponding  amount  as  the  function 
shows.  Hence,  structure  of  inversion,  and  control  of  the  ver¬ 
tical  aerosol  distribution  by  It  are  in  a  true-to-iunction 
relation  to  each  other.  We  arrive  at  an  analogous  result  if 
we  study  Pig.  13  (A^  =  f(G-PT).  Except  for  run  1  the  pairs  of 
values  are  within  the  normal  range  of  the  function.  Hence,  the 
behaviour  of  G-PT  and  the  pattern  of  the  vertical  aerosol  struc¬ 
ture  correspond  to  each  other.  Prom  these  finding  we  may  de¬ 
duce  that  equilibrium  of  diffusion  has  practically  existed 
from  the  beginning.  No  analogous  conclusion  may  be  drawn  in 
regard  to  the  relation  A^  =  f(G-E),  as  illustrated  by  Pig.  14. 

In  this  instance  all  pairs  of  values  are  exclusively  outside 
of  the  normal  range.  The  E-gradients  are  much  greater  than 
would  be  permissible  with  regard  to  the  values.  Hence,  a 
change  must  have  occurred  in  absolute  humidity  (e.g.  caused  by 
advection)  above  or  below  the  barring  layer,  which  was  not 
related,  across  the  barring  layer,  to  the  eddy  diffusion  pro¬ 
cess,  whereas  by  contrast  the  aerosol  distribution  did  obvi¬ 
ously  correspond  to  the  barring  effect  of  the  layer. 

Conclusions  drawn  from  this  example: 

Even  in  case  of  spontaneous  formation  of  a  very  sharply  defined 
inversion,  and  during  a  slow  and  constant  descent  of  the  same, 
the  discovered  "normal  relations"  between  A^  and  G-T  or  G-PT, 
respectively,  are  being  retained.  Thus  they  adequately  descri¬ 
be  the  vertical  distribution  of  aerosol;  the  state  of  equili¬ 
brium  prevailed.  A  deviation  of  the  values  outside  of  the  nor¬ 
mal  range  of  A^  =  (G-E)  reveals  an  advective  change  of  humiti- 
dity.  This  emphasizes  the  high  value  of  such  detailed  analyses. 
The  rule  that  there  has  to  be  a  minimum  of  EPT  above  the  barring 
layer,  and  a  maximum  within  its  level,  is  met  at  all  times.  It 
may  additionaly  serve  as  an  indicator  of  the  barring  layer. 

We  are  here  dealing  with  a  case  where  rapid  formation  of  an  in¬ 
version  and  the  transformation  of  the  vertical  aerosol  structure 


22 


went  hand  in  hand  together  in  such  a  manner,  that  the  condi¬ 
tion  of  equi librium  for  the  eddy  diffusion  was  met  at  all  times, 
Conditions  for  the  occurence  of  thio  situation  remain  yet  to 
be  defined. 

3_. _ Eh  unple  B,  18  Nov  1970.  Pigs.  15  through  19. 

Well-defined,  spontaneously  formed  inversion,  with  height 

of  barring  layer  and  intensity  of  barring  effect  varvlug, 

Equllibrlumof  diffusion  retained. 

The  soundings  (for  a  selection  pertaining  to  Example  B  see  X., 
APPENDIX  3)  already  show  that  we  are  here  dealing  with  a  (spon¬ 
taneously  formed)  inversion  and  barring  layer  which  is  subject 
to  considerable  fluctuations  in  time  as  to  its  structure  and 
height.  As  demonstrated  by  Pig.  3  the  maxima  of  -G-T  and  -G-E 
are  located  at  the  same  respective  altj  ih.le,  which  level,  ho¬ 
wever,  fluctuates  considerably.  A  maximum  of  EPT  above  the  in¬ 
version  level  and  a  minimum  within  the  same  cannot  be  found. 

A^,  too,  fluctuates  considerably  from  run  to  run,  and  the  rule 
is  confirmed:  If  the  inversion  level  descends  the  barring 
effect  of  the  inversion  is  temporarily  reduced  (A^  is  increased), 
as  is  demonstrated  by  runs  3  and  6. 

As  is  recognized  from  P<gs.  16  and  17  the  values  are  fluctu¬ 
ating  precisely  within  the  normal  range  of  the  function  =  f  (G-T) 
and  A^  =  f(G-PT).  So,  with  the  exception  of  runs  2  through  4, 
diffusion  equilibrium  prevails  as  in  Example  A.  The  change  from 
run  2  via  3  to  4  is  Indeed  striking.  Whereas  A^  is  changed 
considerably,  G-T  and  G-PT  remain  practically  constant,  the 
full  "normal"  scatter  of  the  function  is  traversed.  This  means 
that  during  the  vertical  movement  of  the  inversion  from  2  via 
3  to  4  the  aerological  structure  of  T  and  PT  is  retained  whereas 
the  permeability  of  the  barring  layer  is  reduced  temporarily. 

A  local  perforation  of  the  layer  by  turbulences  in  the  early 
afternoon  with  relatively  extensive  insolation,  is  likely  to 
be  the  main  cause  thereof.  This  example  indicates  how,  by  means 
of  such  a  detailed  analysis  interfering  factors  may  be  isolated. 


Cuuuiueritig  Pig.  ie  we  observe  tnat  tne  normal  range  is  consi¬ 
derably  exceeded  in  both  directions.  The  values  are  not,  ho¬ 
wever,  all  shifted  in  one  direction  as  in  Example  A.  This  rules 
out  progressive  changes  of  absolute  humidity  due  to  advection. 
Turbulence  caused,  forced  vertical  transportation  of  water 
vapor  is,  much  rather,  to  be  considered  as  a  cause  (transitions 
from  4  to  5,  from  5  to  6).  It  is,  however,  a  striking  obser¬ 
vation  that  the  transition  2-3-4  again  appears  to  be  out  of 
place:  While  the  water  vapor  gradient  remains  constant,  Aj_  va¬ 
ries  considerably.  This  means  again  that  here  a  variation  of 
the  inversion  had  temporarily  been  forced,  pointing  toward  in¬ 
terference  with  the  system  from  the  outside  (e.g.  heat  irra¬ 
diation).  It  is  interesting  that  in  this  case  a  variation  of 
the  vertical  aerosol  structure  was  triggered  (as  a  consequence 
whereof  a  higher  A-value  resulted  for  run  3),  not  however  one 
of  the  aerological  structure  and  of  the  vertical  distribution 
of  water  vapor. 

Por  the  present  example  we  have  plotted  the  vertical  profile  of 
the  incremental  exchange  coefficients  A^  and  of  the  water  vapor 
from  run  to  run  as  a  special  representation  in  Pig.  19.  This 
representation  does  not  only  show  very  impressively  the  varia¬ 
tion  in  the  fine  structure  of  the  profiles  but  also  the  ver¬ 
tical  displacement  of  the  layer?!  having  maximum  barring  effect 
(A^  minima).  What  we  want  to  demonstrate,  however,  is  that 
just  these  sometimes  very  thin  layers  of  highest  resistance  to 
eddy  diffusion  are  indicated  in  the  E  profile  by  a  peak-like 
dip  of  water  vapor  concentration.  This  is  true  even  in  tho  case 
of  a  splitting  into  two  barring  layers  with  a  small  difference 
in  height  (run  6).  At  the  Bame  time  we  recognize  a  problem  in 
the  E  profile  for  run  3:  Here  it  is  not  so  much  a  i  i.p  but  much 
rather  a  sharply  confined  increase  of  E  with  height  that  is 
characteristic.  Such  findings  with  the  aid  if  detailed  analyses 
are  conductive  to  understanding  deviations  from  normal  behavior 
observed  from  time  to  time. 
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The  gathering  of  such  exceptions  and  the  investigation  of  the 
conditions  under  which  they  occur  is  important  for  the  follo¬ 
wing  reason:  In  order  to  reduce,  on  a  pertinent  basis,  the 
scatter  in  the  statistical  investigations  it  is  necessary  to 
introduce  a  more  detailed  subdivision.  Most  of  all,  the  com¬ 
plex  causal  nexus  of  the  various  parameters  may  gradually  be 
cleared  up  in  thiB  manner. 

Conclusions  drawn  from  the  example: 

In  the  case  of  spontaneous  formation  of  an  inversion  and  inten¬ 
sive  vertical  movement  of  the  same,  the  discovered  "normal  re¬ 
lations"  between  and  G-T  or  G-PT,  respectively,  are  retained 
and  depict  the  vertical  aerosol  distribution  which  corresponds 
to  a  stationary  setting  of  equilibrium.  A  "breaking  out"  of 
the  values  from  their  normal  distribution,  insignificant  for 
G-T  and  G-PT,  and  quite  considerable  for  G-E,  points  to  a  con- 
vectively  forced  variation  in  the  vertical  aerosol  distribution, 
which  can  no  longer  be  lawfully  related  to  the  aerological 
structure.  The  vertical  water  vapor  gradient,  in  this  case,  be¬ 
haves  differently  from  the  vertical  aerosol  gradient.  With  the 
barring  layer  sharply  descending,  Ai  is  temporarily  increased. 
Barring  layers  are  always  indicated  by  conspicuous  deviations 
of  the  E  profile  across  very  small  vertical  intervals. 


4.  Example  C.  14  October  197Q.  Elga,  20  through  23 

Sharply  defined  inversion  with  predominantly  insignificant 
vertical  variations  but  considerably  fluctuating  barring 
effect.  Vertical  aerosol  gradient  in  stationary  equilibrium 
on  basis  of  aerological  structure. 

Example  C  concludes,  for  the  time  being,  those  cases  of  inver¬ 
sions  which  are  distinguished  by  the  vertical  aerosol  gradient 
being  in  equilibrium  on  the  basis  of  the  given  aerological 
structure,  in  other  words,  where  the  normal  relations  of  our 
function  are  fully  or  largely  met. 


25 


•  —  j  —  _i.  i xi.  .  .  _  j  u  >  1  _  *  -  4  ..  i  rcnniTT^T  v  i  .  •>  ... 

41.0  X  a  0L1L/WA1  UJf  OAiO  Ui  XgXUdX  XCUVluxJigo  Ail  Ai  X  Uil  X>  _L  ^  fro  »i  O  y 

from  run  1 ,  dealing  with  a  sharply  defined  inversion  the  strong 
barring  effect  of  which  ia  clearly  expressed  by  the  profile  of 
the  air  conductivities.  Only  early  in  the  morning  (run  0)v  an 
inversion  is  just  slightly  indicated,  with  only  a  very  weak 
barring  effect.  The  vertical  movements  can  be  clearly  recogni¬ 
zed  on  the  original  recordings,  e,g.  by  comparison  of  run  6 
with  run  8. 

To  begin  with,  the  variation  as  a  function  of  time  and  altitude 
is  shown  in  Fig.  20.  In  the  forenoon  we  find  that  the  ascent  of 
the  inversion  layer  from  run  1  through  run  3  results  in  a 
weakening  of  its  barring  effect  (increase  A.  in  Examples  A  and 
B  we  had  found  a  weakening  with  a  descent  of  the  inversion) , 
whereas  later  in  the  afternoon  the  opposite  relation  is  found. 
Hence,  vertical  movement,  no  matter  in  which  direction,  may 
lead  to  either  a  weakening  or  a  strengthening  of  the  barring 
effect.  We  are  thus  compelled  to  restrict  our  statement  to  the 
more  generalized  form:  Vertical  movement  of  a  barring  layer  re¬ 
sults  in  a  change  to  its  barring  effect.  The  nature  of  the  in¬ 
dividual  relation  is  certainly  depending  upon  the  causative 
reasons  for  the  movement  of  the  inversion  (adveotive  prooesses, 
anticyclonic  descent).  In  order  to  determine  these,  further 
detailed  analyses  will  be  needed.  In  the  context  of  this  dis¬ 
cussion  of  the  examples  the  implications  of  microscale  and 
mesoscale  meteorological  conditions  and  processes  are  not  to  be 
discussed  in  any  detail.  A  deepening  of  the  detailed  analyses 
in  this  direction  is  in  process. 

In  the  instant  case  we  again  find  a  minimum  of  EPT  above  the 
barring  layer,  but  no  marked  maximum  below. 

Figure  21  shows  the  variations  with  time  of  our  values  relative 
to  function  A^  =  f(G-T).  We  notice  that  the  fluctuations  of 
the  values  largely  remain  inside  the  normal  range.  An  insigni¬ 
ficant  breaking  out  (deviation  fiom  equilibrium)  occurs  from 
5  through  6  to  7.  This  means  that  in  Fig.  20,  too,  we  must 
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consider  the  temporary  descent  of  the  inversion  level  (run  6) 
as  the  expression  of  an  interfering  process.  At  any  rate,  the 
fact  is  again  conspicuous  that  A^  changes  considerably,  e.g. 
from  run  5  to  6,  although  the  aerological  structure  of  T  has 
bee2i  retained  (G-T  constant).  The  attenuation  of  the  aerosol 
gradient  encountered  at  the  same  time  therefore  must  be  due  to 
an  exterior  cause,  e.g.  perforation  of  inversion  by  local  tur¬ 
bulence.  It  is  striking,  however,  that,  as  Fig.  22  indicates, 
the  variation  of  the  values  is  largely  within  the  normal  range 
of  the  function  =  f  (G-E),  at  least  the  transition  5-6-7 
is  within.  Again,  aerosol  and  water  vapor  behave  differently  in 
the  case  on  a  disturbance  of  equilibrium.  It  is  surprising, 
however,  that  (see  Fig.  23)  the  values  ior  =  f(G-PT)  are 
almost  exclusively  outside  of  the  normal  range  of  this  function. 
What  conclusions  ’’ave  to  be  drawn  therefrom  is  yet  to  be  in¬ 
vestigated,  using  all  available  meteorological  data. 

Conclusions  drawn  from  thl3  example: 

Vertical  movements  of  the  barring  layer  result  in  variations 
of  their  barring  effect  and  a  disturbance  of  the  diffusion 
equilibrium.  What  direction  such  a  variation  may  take  cannot 
necessarily  be  predicted,  until  such  time  that  uhe  causative 
reasons  for  the  interfering  process  are  known.  It  appears 
certain,  that  detailed  analyses  of  the  demonstrated  kind  will 
lead  to  recognition  if  the  causes  of  interference  of  micro¬ 
scale  and  mesoscale  meteorological  conditions  are  included 
in  future  investigations.  For  because  three  basic  function 
are  available,  based  on  G-T,  G-E,  and  G-TE,  it  is,  as  a  rule, 
possible  from  the  agreement  of  the  individual  values  with  two 
of  these  to  isolate  the  one  which  is  most  of  all  affected  by 
the  disturbance  of  equilibrium.  This  may  later  lead  to  isola¬ 
tion  of  tne  interfering  cause. 
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5.  Example  D,  11  December  1970.  FigB,  24  through  26. 

Inversion  at  constant  height.  Vertical  aerosol  gradient 

not  In  equilibrium  on  basis  of  aeroloelcal  structure. 

In  Figs.  24  through  26  wo  are  studying  the  case  of  cyclic  vari¬ 
ations  (runs  1  through  4)  of  the  value  obtained,  in  the  range 
of  functions  A^  =  f(G-T),  =  f(G-E),  and  A^  =  f(G-PT).  All 

data  obtained  from  these  runs  are  far  outside  the  normal  ran¬ 
ges  of  the  three  functions.  Vertical  movements  of  the  barring 
layer  did  not  occur.  Convective  interference,  also,  must  be 
excluded.  To  what  extent  persistet  advective  processes  were 
determining  in  this  case  in  the  formation  of  this  exception 
remains  to  be  investigated.  For  it  is  striking  that  this  low- 
lying  inversion  has  been  formed  through  the  inflow  of  near¬ 
ground  polluted  cold  air.  But  although  this  near-ground  cold 
air  layer  was  soon  settled  a  state  of  equilibrium  did  not  come 
about . 

To  begin  with,  our  example  shows  that  even  with  inversions  at 
rest  and  seeming  freedom  from  interferences  we  must  be  prepa¬ 
red  for  extraordinary  results.  If  it  were  not  possible  to  re¬ 
cognize  and  isolate  these  (e.g.  on  the  basis  of  detailed  ana¬ 
lysis)  such  values  would  result  in  a  considerable  scattering 
within  the  data  material.  However,  the  investigation  of  the 
causative  relations  must  not  be  neglected,  particularly  in 
such  unclear  cases.  Exactly  these  may  supply  valuable  insights. 


6.  Example  B,  17  October  1970.  Figs.  27  through  30, 

Case  of  two  simultaneously  existing  inversions  one  of 
which  is  suddenly  formed  newiy  and  the  other  disintegra¬ 
ted.  State  of  equilibrium  is  not  attained. 

Here  we  are  dealing  with  a  relatively  complex  case.  It  is  re¬ 
markable  for  the  only  one  initially  existing  inversion  and 
earring  layer  descending  and  disintegrating.  trior  to  its 
disappearance,  however,  a  second  inversion  and  barring  layer 
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was  forming  about  400  m  above  which  also  descends  and  goes 
on  existing  to  the  end  -  if  with  a  weak  barring  effect.  Prom 
the  picture  of  the  original  recordings  (X.,  APPENDIX,  3) , 
layer  I  ows  its  formation  to  a  layer  of  haze  actively  conveyed 
to  the  spot  at  little  short  of  1500  m  a.s.l.  (  minima  of  +L 
and  L  during  run  1 ) .  In  the  following  we  consider  the  origi¬ 
nal  recordings  along  with  Pig.  27.  This  initially  striking 
aerosol  structure  is  reduced  to  a  mere  trace  during  run  2,  but 
during  run  3  it  is  suddenly  sharply  defined  again  at  1200  m 
a.s.l.  During  runs  3  through  6  layer  I  is  disintegrating  or 
hazily  merging  with  layer  II  which  has  meanwhile  descended  and 
whose  existence  was  first  hinted  at  during  runa  3  and  4.  Pre 
sumably  the  transition  was  as  indicated  with  dots  in  Pig.  27. 

As  is  apparent  considerable  instability  prevails  in  the  pre¬ 
sent  case,  impeding  the  setting  of  a  stationary  equilibrium 
of  diffusion,  as  will  also  be  seen  from  Pigs.  28  through  30. 
First  we  cast  a  glance  at  the  variation  with  time  of  in 
Fig.  27.  We  note  that  with  a  rapid  descent  of  both  I  and  II 
the  barring  effect  is  reduced  (A^  is  steeply  increased,  runB 
2  and  3  for  layer  Ij  runs  3  through  5  for  layer  II).  A  regene¬ 
ration  of  the  barring  effect  for  both  layers  occurs  when  the 
descent  has  come  to  rest  (runs  4  through  6  for  layer  Ij  runs 
7  and  8  for  layer  II). 

We  now  consider  the  position  of  the  data  relative  to  the  normal 
ranges  of  our  three  basic  functions.  In  doing  so  we  go  from  the 
following  sequence  o±  values: 

Runs  1  through  6  at  level  of  layer  I;  runs  7  and  8  at  level  of 
II,  pursuant  to  the  merger  of  both  layers  as  indicated  (dotted) 
in  Fig.  27. 

The  poorest  agreement  is  found  relative  to  function  Ai  =  f(G-PT) 
in  Fig.  28.  With  regard  to  the  G-PT  values  the  exchange  coef¬ 
ficients  are  too  low.  i.e.  the  barring  effect  appears  "too 
3trong" .  This  above  all  applies  to  runs  5-6-7.  But  this  is  the 
very  vague  transition  phase  from  I  to  II  with  disintegration 
of  II.  It  is  not  surprising,  then,  if  during  this  time  interval 
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an  equilibrium  situation  does  not  prevail.  The  positioning  of 
the  individual  values  relative  to  the  normal  distribution  is 
already  notably  better  in  Fig.  29  (A^  *  f(G-E)).  Surprisingly, 
the  above  mentioned  transition  phase  of  runs  5-6-7,  of  all 
things,  is  not  out  of  line  here:  water  vapor  gradient  and  aero¬ 
sol  gradient  are  here  apparently  triggered  by  the  same  atmosphe¬ 
ric  process.  Ey  contrast,  the  values  of  runs  1  through  3,  i.e. 
during  the  descent  of  layer  I,  are  outside  of  normal  distri¬ 
bution:  The  barring  effect  of  the  layer  appears  to  be  stronger, 
during  this  time  interval,  for  the  aerosol  than  for  the  water 
vapor.  With  regard  to  function  =  f(G-T),  however,  -  see  Fig. 
30  -  all  values  of  our  example  (excepting  run  5)  are  within 
its  normal  range.  From  this  it  would  be  concluded  that  with 
regard  to  vertical  aerosol  distribution,  approximate  diffusion 
equilibrium  must  have  temporarily  prevailed,  after  all. 

Conclusions  drawn  from  this  example: 

Descent  movements  of  barring  layers  are  coupled  with  a  tempo¬ 
rary  reduction  of  their  barring  effect.  The  latter  is  regene¬ 
rated  when  the  vertical  movement  has  come  to  rest.  In  case  of 
a  double  inversion  with  disintegration  of  the  lower  layer  and 
the  suggestion  of  merger  with  the  descending  upper  one,  the 
diffusion  equilibrium  is  temporarily  disturbed.  A  discrepancy 
develops  between  vertical  water  vapor  and  aerosol  distribution. 

A  minimum  of  the  equivalent  potential  temperature  above  the 
barring  layers,  and  a  maximum  near  the  barring  layer.*  were  not 
found  which  also  points  toward  disturbed  equilibrium  conditions. 


7.  Example  F,  30  September  1970.  FlgB.  31  through  34 

Clearly  defined  Inversion  descents  slightly,  remains  at 
constant  level  for  some  time,  finally  ascents  steeply 
with  simultaneous  disintegration.  Largely  set  equili¬ 
brium  of  diffusion. 

Interest  is  particularly  held  by  the  phases  of  ascent  and  dis¬ 
integration  of  the  inversion  or  barring  layer.  For  this  reason, 
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we  have  reprcoenlcu  only  £  uiit»  4  Uu  uu^'u  7  oy  their  u  rig,! -tittle 

and  tables  in  X.  APPENDIX, 3.  As  with  the  previous  runs  (from 
which  a  descending  movement  of  the  inversion  is  recognized), 
an  increase  of  temperature  and  decrease  of  humidity  with  height 
within  the  inversion  zone  is  also  very  distinct  with  run  4. 

Just  one  hour  later  (run  5),  however,  the  T-inversion  has 
temporarily  disappeared  whereas  the  humidity  decrease  was  re¬ 
tained,  although  this  structural  detail  has  risen  somewhat. 

During  run  6,  a  T  inversion  with  humidity  decrease  is  again 
recognized,  if  at  a  considerably  higher  level  than  before. 

Hardly  any  structures  are  Jeft  for  recognition  during  run  7, 
traces  are  derived  from  the  tables. 

In  Pig.  31  we  consider  the  variations  with  altitude  and  time. 

In  the  morning  the  well  defined  inversion  descends  by  about  10  0  m. 
During  this  descending  movement  the  values  are  relatively 
high.  With  the  barring  layer  becoming  stationary,  however,  A^ 
reaches  minimum  values  between  no  more  than  0.6  and  1.5.  At 
1300  hours  an  ascent  commences,  immediately  triggering  a  steep 
increase  in  the  A^  values  which  persists  until  disintegration 
of  the  layer.  It  is  remarkable  that  in  instant  case,  again,  a 
minimum  of  the  equivalent  potential  temperature  is  found  above 
the  barring  layer  (100  m  -  200  a  vertical  interval),  with  a 
maximum  approximately  at  the  level  of  the  barring  layer  as 
such.  Only  in  the  case  of  vertical  movements  of  the  barring 
layer,  the  EPT  maximum,  too ,  'is  above  the  barring  layer  (runs 
2  and  7 ) . 

Pig.  32  shows  that  the  individual  values  (2  through  4  )  are  in 
just  barely  satisfactory  relation  to  the  normal  range  of  func¬ 
tion  Aj_  =  f(G-T)  only  during  the  time  that  barring  layer  has 
nearly  or  fully  settled.  .But  during  the  vertical  movement  they 
are  far  outside  thereof  (1  to  2;  4  to  6). 

The  two  pairs  of  values  for  a  very  low-lying  near-ground  inver¬ 
sion  in  the  morning  ("low"),  which  rapidly  disintegrates  there¬ 
after,  are  within  the  normal  range.  The  values  of  our  example 


are  quite  satisfactory  with  regard  to  the  normal  distribution 
01  A^  *  f(G-E),  according  to  fig.  33.  However,  we  notice  a 
contrast  to  Fig.  32:  While  the  ineraion  has  become  stationary 
the  values  fall  insignificantly  outside  of  the  normal  distri¬ 
bution.  The  vertical  aerosol  gradient  turns  steeper,  tempora¬ 
rily,  than  would  correspond  to  the  vapor  pressure  gradient, 
whereas  agrement  prevails  during  the  vertical  movements.  The 
values  in  Fig.  34  are  completely  outside  of  the  normal  distri¬ 
bution  of  Ai  *  f(G-PT).  We  find  a  cyclic  sequence  with  extreme 
deviation  during  the  stationary  phase  of  the  barring  layer.  No 
explanation  can  be  offered  therefor,  as  yet. 

Conclusions  drawn  from  this  example: 

It  was  confirmed  again:  Vertical  movement  (no  matter  whether  up 
or  down)  of  the  barring  layer  results  in  an  increase  of  its 
permeability,  its  becoming  stationary  results  in  a  strengt¬ 
hening  of  the  barring  effect.  The  Aj,  values  of  the  example  are 
in  satisfactory  agreement  with  functions  Ai  =  f(G-T)  and  A^  = 
f  (G-E),  slight  deviations  from  the  former  are  found  during 
the  vertical  movement,  from  the  latter  during  the  stationary 
phase.  The  superpositioned  minima  or  maxima,  respectively,  of 
EPT  are  found  to  exist  throughout,  even  during  the  vertical 
movements. 


8.  Example  G,  28  September  1970.  Figs.  35  through  38. 

Considerable  vertical  and  structural  variations  of  an 

inversion.  Equilibrium  of  diffusion  Is  not  attained. 

This  example  concludes  our  discussion  of  cases  with  vigorous 
vertical  movements  of  barring  layers.  The  original  runs  in 
APPENDIXj 3  already  show  that  not  only  does  a  distinctive  ver¬ 
tical  unrest  prevail  but  also  the  pattern  of  the  structures  is 
changing  rapidly.  We  immediately  pass  on  to  Fig.  35.  The  va¬ 
riations  with  time  of  Aj^  are  particularly  remarkable.  Steep 
increases  of  are  invariably  found  when  -  in  accordance 
with  our  earlier  experience  -  the  level  of  the  barring  layer 
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is  rapidly  changed.  This  is  very  drastically  demonstrated  Dy 
the  transition  from  run  2  to  3:  A^  is  increased  by  two  orders 
of  magnitude  and  remains  persistently  high  during  the  subse¬ 
quent  ascent  movement  (3  to  4).  Not  until  the  stationary  con¬ 
dition  of  the  barring  layer  exists  during  runs  6  and  7,  does 
arrive  at  a  minimum.  Renewed  disquiet  from  runs  7  through 
10  causes  A^  to  increase  again. 

The  vertical  displacements  of  the  various  structural  elements, 
according  to  Pig.  35,  present  an  almost  confusing  picture:  True, 
minimum  and  maximum  of  EPT  are  still  always  found  and  in  not 
too  great  vertical  distance  from  the  inversion  level  (aB  a 
maximum  a  few  100  m,  as  an  average  200  ra),  but  the  maximum  is 
sometimes  above,  sometimes  below  the  barring  layer.  Even  the 
respective  strongest  gradients  of  T  and  E  are  not  -  as  usual  - 
close  to  each  other.  Vertical  differences  up  to  150  m  are  en¬ 
countered.  Besides,  maximum  G-T  is  sometimes  above,  sometimes 
below  maximum  G-E. 

Due  to  the  sometimes  extremely  poorly  developed  temperature  gra¬ 
dients  Pig.  36  contains  only  very  few  individual  values.  As 
was  to  be  expected,  they  are  far  from  the  normal  distribution 
of  function  A.^  =  f(G-T). 

It  is  all  the  more  surprising  that,  in  Pig.  37,  the  individual 
values  fit  very  well  into  the  normal  distribution  of  A^  =  f(G-E). 
Although  most  certainly  the  setting  of  an  eddy  diffusion  equi¬ 
librium  was  not  possible  in  our  instance  the  variations  with 
time  of  the  aerosol  gradient  (expressed  in  terms  of  the  beha¬ 
vior  of  Ai)  and  of  the  water  vapor  gradient  (G-E)  are  in  good 
agreement  with  each  other.  The  interferences,  apparent  from  the 
continuous  structural  changes  of  the  aerological  pattern  and 
from  the  vertical  variations,  thus  took  effect,  in  Example  G, 
upon  aerosol  and  water  vapor  distribution  analogous  to  and  on 
the  basis  of,  the  normal  relation  of  A^  =  f(G-E).  In  Pig.  38, 
the  individual  values  of  our  example  are  far  from  the  normal 
distribution  of  A^  =  f(G-PT):  We  find  a  cyclic  sequence  for  runs 
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?  through  7  and  another  one  from  7  through  1C.  V»e  find  it  inte- 
resting  that  the  first  cycle,  if  defined  only  from  2  through 
6,  comprises  exactly  the  first  ascent,  the  aecond  cycle  from  7 
through  10  the  second  ascent.  It  appears  to  be  possible  to 
describe,  with  the  aid  of  theee  cyclic  "movement  graphs",  the 
strut- tural  variations  connected  with  processes  of  ascent  or 
general  vertical  displacement,  and  later  to  improve  our  under¬ 
standing  of  them  functionally.  At  any  rate,  in  retrospect  we 
may  say  that  the  cycles  in  the  following  earlier  figures  were 
connected  with  vertioal  movements  of  the  barring  layer:  Pig. 

34  (runs  2  through  6,  initial  lingering,  then  rapid  ascent  with 
disintegration  of  the  inversion)}  Pig.  30  (runs  4  through  8, 
initial  descent,  then  merger  with  lower  disintegrating  inver¬ 
sion)  .  An  exception  relative  to  all  three  normal  functions  is 
formed  by  Example  D  with  its  cycles.  True,  there  is  no  vertical 
movement  here,  but  a  clearly  cyclic  loosening  up  of  the  inver¬ 
sion  structure  (runs  1  through  5)  by  turbulences  in  the  course 
of  the  day.  So  it  will  be  necessary  to  pay  still  more  attention 
to  such  graphs  with  a  cyclic  pattern,  in  the  future,  along 
with  further  meteorological  parameters. 

Conclusions  drawn  from  this  exam-pie: 

In  the  case  of  violent  structural  and  vertical  changes  of  the 
barring  layer  eddy  diffusion  equilibrium  cannot  come  about.  It 
is,  however,  possible  that  variations  of  the  vertioal  aerosol 
profiles  and  water  vapor  profiles  are  running  in  conformity  with 
each  other  and  are  jointly  controlled  by  the  interferences 
determining  the  complex  pattern.  Again  it  is  shown  that  ver¬ 
tical  movements  of  the  barring  layer  are  connected  with  a  re¬ 
duction  of  its  barring  effect.  During  vertical  movements  a 
cyclic  sequence  of  the  values  is  found  relative  to  the  normal 
distribution  of  the  function  A^  =  f(G-PT). 
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9.  Example  H,  26  September  1970.  Pigs.  39  through  43. 

Analysis  of  (a)  the  upper  boundary  of  the  exchange  layer. 

and  (b)  art  ascending  inversion  located  below. 

With  this  example  we  leave  the  analysis  exclusively  of  inver¬ 
sions  or  similar  structures  analogously  belonging  thereto.  We 
consiuer  parameters  from  the  zone  of  the  upper  boundary  of  the 
exchange  layer.  However,  in  the  present  case  there  is  also  an 
inversion  which  we  shall  include  in  our  considerations.  The 
inverse  temperature  gradient  is  only  rather  poorly  defined, 
however. 

To  begin  with  we  go  back  to  the  original  recordings  in  X.  APPEN¬ 
DIX,  '3.  The  position  oi  the  upper  boundary  or.  the  exchange  layer 
there  has  been  marked  with  E,  that  of  the  inversion  with  I.  In 
the  profile  of  +L  (partly  also  in  that  of  -L)  the  increase  by 
increments  with  height  is  recognized  at  the  two  levels  so  mar¬ 
ked.  Until  evening  (run  6),  however,  the  structures  disintegrate 
to  a  large  extent,  what  clearly  remains  is  the  +L  increment  in 
the  zone  of  the  loosened-up  structure  of  E. 

In  Fig.  39  we  consider  the  variations  in  time  and  space  of  the 
two  formations.  From  the  value  tables  to  Example  H  it  is  seen 
that  the  exchange  layer  is  marked  by  a  minimum  and  a  subjacent 
maximum  of  the  equivalent  potential  temperature  EPT  similar  to 
what  we  had  found  with  stationary  inversions  as  a  rule.  The 
altitudes,  of  these  structural  details  are  enterred  in  Fig.  39. 
Whereas  in  the  course  of  the  day  the  upper  boundary  of  the  ex¬ 
change  layer  perpetually  descends,  the  -  weakly  defined  -  in¬ 
version  ascends  in  increments,  above  all  from  run  5  to  6.  The 
rule  found  confirmed  for  stationary  inversions,  according  to 
which  EPT  shows  a  minimum  above  the  inversion,  and  a  maximum 
below  it,  applies  in  the  present  case,  too.  These  EPT  structure 
details  follow  suit  with  the  vertical  movement  of  the  barring 
layer  proper. 

Now  a  few  words  on  the  variation  with  time  of  the  A^  values, 
considering  Fig.  39:  The  barring  effect  of  the  inversion  is 


the  greatest  in  the  morning,  and  steadily  dee.reaRea  In  the 
course  of  the  slow  ascent  of  the  layer  (Ai  is  growing).  Another 
deterioration  of  the  barring  effect  occurs  in  the  evening  as 
the  layer  ascends  again.  By  contrast,  the  diffusion  resistance 
through  the  upper  boundary  of  the  exchange  layer  increases  by 
increments  (A^  decreases)  as  the  latter  descends.  In  conjunc¬ 
tion  with  the  commencing  disintegration  of  both  layers  in  the 
evening,  consistently  the  values  increase. 

Due  to  the  very  scantily  developed  inverse  temperature  gradient 
a  study  with  respect  to  function  A ^  =  f(G-T)  is  foregone.  Fig. 
40  merely  reflects  the  travelling  times  for  the  runs,  and  the 
symbols  for  the  exchange  layer  (E)  and  inversion  (I). 

On  Fig.  41  we  note  that  the  individual  values  for  I  are  within 
the  normal  range  of  function  =  f(G-E),  even  so  when  G-E  is 
positive  (vi2.  when  water  vapor  pressure  is  increased  with 
height).  The  values  of  E,  too,  just  barely  meet  these  require¬ 
ments,  however,  no  dependence  upon  the  water  vapor  gradient  is 
apparent.  The  values  for  Aj.  =  f(G-PI)  in  Fig.  42  are  entirely 
outside  of  the  normal  distribution  for  this  function.  This  is 
independent  of  whether  they  pertain  to  the  exchange  layer  or 
to  the  inversion. 

In  Fig.  43  we  have  plotted  the  vertical  profiles  of  for  runs 
3  and  6.  These  once  more  very  clearly  illustrate  the  following 
processes : 

a)  descent  and  increase  of  barring  effect  of  the  upper 
boundary  of  the  exchange  layer; 

b)  ascent  and  decrease  of  barring  effect  of  the  inversion, 
finally  approximate  mutual  touching  of  the  two  layers. 

Conclusions  drawn  from  this  example: 

The  upper  boundary  of  the  exchange  layer,  too,  is  characteri¬ 
zed  by  a  minimum  of  EPT  plus  a  subjacent  maximum  of  EPT.  During 
descent  of  the  upper  boundary  of  the  exchange  layer  its  barring 
effect  toward  eddy  diffusion  is  increased. 
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10.  Example  I.,  17  September  1970.  FI  kb.  44  tnrougft  4t>. 

Upper  boundary  of  an  exchange  layer.  Slight  vertical 

movement. 

In  conclusion,  we  Bhall  discuss  the  case  of  an  upper  boundary 
of  the  exchange  layer  which  was  sharply  defined  throughout  the 
day. The  original  rune  in  APPENDIX,  3  very  convincingly  demon¬ 
strate  the  following  within  the  zone  of  this  layers  (a)  an 
increase  in  temperature;  (b)  a  decrease  in  humidity;  and  (o) 
a  sharp  increase  in  conductivity,  i.e.  a  decrease  of  the  aero¬ 
sol  concentration.  These  vertical  variations  are  very  distinct 
during  runs  1,3,4;  during  run  2  the  structure  are  loosened  up, 
and  the  level  of  the  layer  has  descended  somewhat.  In  the  follo¬ 
wing  figures  we  have  plotted,  for  comparison,  the  values  of 
the  main  levels  separately  from  the  values  of  the  special  levels. 

In  Pig.  44  we  first  consider  the  variations  with  time  and  with 
altitude.  To  begin  with  it  is  to  be  pointed  out  that  this  level, 
too,  is  distinct  for  sharply  defined  minima  of  EPT  above  it, 
and  corresponding  maxima  within  its  level.  Those  EPT  structural 
details  follow  suit  in  the  slight  vertical  movement  of  the  upper 
boundary  of  the  exchange  layer.  During  the  temporary  descent  of 
the  layer  (run  2)  arrives  at  a  maximum,  i.e.  movement  re¬ 
duces  barring  effect  as  with  a  true  inversion. 

Pig.  45  shows  that  all  individual  values  are  outside  of  the  nor¬ 
mal  range  of  function  A^  =  f(G~T).  If  we  concentrate  on  the 
main  levels  only,  G-T  changes  in  the  course  of  the  day,  it  is 
true,  but  this  has  little  impact  on  A^  (maximum  during  2,  see 
above).  If  we  consider  the  special  levels  we  obtain  a  cyclic 
progress  which  is  surely  coming  close  to  the  true  conditions 
and  corresponds  to  our  experience  gathered  30  far  on  the 
occurrence  of  cyclic  interrelations. 

In  Pig.  46,  using  the  values  from  the  special  levels  we  find  a 
time  slope  which,  it  is  true,  keeps  to  the  border  line  of  the 
normal  range  of  our  function  =  f(G-E)  but  in  agreement  with 
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the  latter's  direction.  If  we  lean  on  the  values  from  the 
in  cl  in  only,  un“t  hy  t.hp  vatI  At,  i  orm 

of  (x-E. 

An  analogous  conclusion  is  drawn  from  Pig.  47.  If,  however, 
we  start  from  the  values  of  the  special  levele  we  are  again  met 
with  a  cyclic  pattern,  although  all  the  values  are  far  from 
the  normal  distribution  of  function  =  f(G-PT). 

In  Pig.  48  we  have  plotted  the  vertical  profiles  of  A^.  for  runs 
2,3,4.  The  stepped  curveB  are  based  upon  the  values  from  the 
main  levels.  The  A^  values  from  the  special  levels  within  the 
barring  layer  level  are  indicated  (solid),  and  identified  by 
numerals  in  circles.  It  is  seen  how  across  100G  m  from  the 
barring  layer  downwards,  consistently  high  A^  values  are  en¬ 
countered  which  is  appropriate  for  an  exchange  layer.  The 
loosening-up  of  the  structure  of  the  barring  layer  is  ciearly 
recognizable. 

Conclusions  drawn  from  this  example; 

Values  derived  from  the  special  levels  afford  a  much  deeper 
insight  into  the  true  interrelations.  The  upper  boundary  of  the 
exchange  layer  is  again  marked  by  HPT  minima  and  maxima,  one 
above  the  other  with  intervals  of  150  m  up  to  300  m  (HPT  maximum 
within  the  levels  of  the  layer) .  These  structural  details 
join  in  any  vertioal  movements  of  the  barring  layer.  Vertical 
movements  lead  to  a  weakening  of  the  barring  effect  of  the  layer. 
The  vertical  movement  is  expressed  in  cyclic  pattern  ox  part 
of  the  values  relative  to  the  normal  ranges  of  our  main  func¬ 
tions. 
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TT .  T’KHfYBTM'TniT,  SUPPLEMENT  POP  COMPUTATION  OP  EDDY  DIFFUSION 

COEFFICIENTS 


In  (1,2)  only  the  asymptote  solution  to  the  stationary  combined 
diffusion  (D)  and  coagulation  (K)  equation 

*^jr-KNw-o  („ 

was  used  for  the  calculation  of  the  eddy  diffusion  coefficient 
D  (pages  25  et  sequ.  of  (1)),  i.e.  that  solution  which  extends 
to  infinity.  This  presupposition  without  which  the  equation  (1) 
is  not  analytically  solvable  applies  strictly  speaking  only  in 
that  case  where  D  does  not  vary  with  height.  Where  diffusion 
coefficient  differ  from  layer  to  layer,  the  partial  solutions 
N^z)  to  (1)  must,  for  reasons  of  continuity,  be  so  joined 
together  that  the  diffusion  current  J  =  -  BdN/dz  is  a  steady 
one.  If  (z)  and  designate  the  nuclei  concentration  and 
diffusion  coefficient  in  the  vertical  interval  from  z±  through 
z^+^ ,  the  following  must  then  apply: 


to  all  i's. 


dNi 

dz 


(Z*Zi)*\} 


(2) 


Under  these  premises  the  equation  (1)  is  no  longer  analytically 
solvable.  The  general  solution  or  its  inverse  function,  respec¬ 
tively,  has  the  following  form: 

/V 


Z~Zc=: 


(5) 


wnereein  nq  and  NQ '  designate  the  nuclei  concentration  and  its 
derivative  at  position  zQ.  In  the  source-free  stationary  case, 

N  must  decrease  with  height,  and  the  minus  sign  on  the  right 
side  of  (3)  applies. 

Solution  (3)  represents  an  elliptic  integral  which  is  solvable 
only  through  methods  of  approximation.  In  addition,  this  is  a 
variation  problem.  Therein,  D  in  the  integrand  must  be  selected 
so  that  both  members  of  the  equation  (3)  are  in  agreement  with 
each  other.  The  derivative  N'(z)  needed  for  the  joining  condi¬ 
tion  (2)  are  easily  obtained  from  the  inverse  function  z(N): 

N‘- 

The  equations  (2)  through  (4)  must  be  sQlved  by  layers  wherein 
it  would  be  best  to  use,  for  the  top  layer,  the  asymptote  so¬ 
lution,  compute  therefrom  the  diffusion  current  at  the  lower 
border,  and  use  the  latter  to  solve  the  equation  (3)  for  the 
next  lower  interval.  This  operation  is  to  be  repeated  as  often 
as  necessary. 

It  is  true  that  in  principle  this  problem  is  solvable  with  the 
aid  of  our  Hewlett-Packard  desk  computer  with  extended  memory. 
However,  this  procedure  requires  such  a  high  expenditure  of 
computation  effort  that  it  would  hardly  appear  applicable  to 
the  routine  analyses.  At  present,  a  computer  program  is  being 
developed  for  this  purpose,  with  the  aid  of  which  it  is  being 
studied  on  a  few  selected  examples  what  size  deviations  are 
permissible  from  the  results  of  the  procedure  now  applied  in 
a  routine  manner.  It  is  noted  that  due  to  the  wide  range  of 
variation  of  D  it  will  not  be  necessary  to  strive  for  a  maximum 
of  exactitude. 

The  procedure  can  always  be  used  on  any  cases  of  particular 
interest  in  order  to  obtain  more  exact  results. 
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The  results  of  such  comparisons  will  be  reported  and  discussed 
in  the  next  report. 


VII.  CONCLUSIONS 


So  much  is  certain  that  it  would  not  have  been  possible  to 
carry  out  either  the  statistical  investigations  or  the  detailed 
analyses  on  individual  examples,  without  the  preceding  change¬ 
over  of  the  routine  evaluations  and  data  processing  to  a  largely 
electronic  basis.  It  was  only  this  measure  that  resulted  in  a 
sufficiently  comprehensive  mass  of  homogenous  data  from  all 
available  soundings  for  statistical  purposes,  on  the  one  hand, 
and  in  a  complete  stock  of  all  necessary  parameters  of  the  most 
varied  kind  per  sounding  for  the  detailed  analyses,  on  the  other. 
In  practical  processing  of  the  electronically  obtained  data  it 
was  revealed  that  the  most  recently  developed  procedure  of 
electronic  data  processing  fully  meets  requirements. 

The  statistical  analyses  in  logical  continuation  of  the  earlier 
research  work  revealed  that  there  is  a  significant  relation  bet¬ 
ween  the  highest  inverse  temperature  gradient  and  the  incremen¬ 
tal  exchange  coefficient,  providing  that  there  are  stationary 
inversions  with  a  set  eddy  diffusion  equilibrium.  The  scatter 
of  this  relation  is  unimportant.  The  relation  applies  to  an 
A^  range  from  0.1  to  300.  Under  the  same  conditions  (stationary 
situations,  barring  layers)a  significant  relation  may  be  derived, 
too,  between  the  highest  positive  gradient  of  potential  tempe¬ 
rature  and  the  incremental  exchange  coefficient.  It  applies  to 
the  A^  range  from  0.8  to  100.  The  scatter  is  not  great,  more 
data  must  be  added. 

The  third  of  the  three  derived  main  functions  for  describing 
the  behavior  of  A^  in  structural  zones  (inversions,  barring 
layers,  upper  exchange  boundary),  is  based  upon  the  vertical 
gradient  of  water  vapor  pressure.  Again,  a  significant  relation 
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waa  found  with  relatively  insignificant  scatter  of  values.  It 
is  valid  for  the  range  from  1  through  100. 

Finally  it  was  attempted  to  discover  more  general  interrelations 
which  would  apply  quite  generally,  independently  of  structural 
details  (inversions,  barring  layers).  In  doing  so,  another  re¬ 
lation  was  found  to  stand  the  tests  =  f(G-PT)  whose  scatter 
is  surprisingly  small  and  whose  range  of  applicability  is  bet¬ 
ween  Ai  =  1  and  1000. 

Such  main  functions  which  are  to  have  more  general  validity  can 
be  derived  only  if  certain  criteria  of  selection  are  applied. 

Such  criteria,  however,  can  grow  only  from  sufficient  experience. 
With  Increasing  experience,  however,  the  criteria  must  be  im¬ 
proved,  supplemented  or,  if  need  be,  essentially  changed,  each 
of  which  means  a  reprocessing  of  the  data  material.  This  work, 
this  is  understood,  can  be  performed  only  in  a  step-by-step 
manner. 

In  developing  criteria  of  classification  and  selection,  the  de¬ 
tailed  analyses  proved  to  be  especially  helpful.  Systematic  work 
according  to  this  method  has  only  just  begun.  It  already  resul¬ 
ted  in  a  series  of  valuable  results.  Some  of  these  are:  A  mini¬ 
mum  of  the  equivalent  potential  temperature  is  found  100  m  or 
not  more  than  300  m  above  an  inversion  or  barring  layer  resting 
in  eddy  diffusion  equilibrium,  and  a  maximum  is  found  within 
the  level  of  the  layer  proper.  Within  the  zone  of  the  barring 
layer  proper  the  gradient  of  potential  temperature  reaches  a 
maximum,  likewise  the  negative  gradient  of  the  vapor  pressure. 

If  the  temperature  gradient  is  positive,  it  assumes  a  minimum, 
if  it  is  negative,  a  maximum.  As  a  rule,  a  minimum  of  the  vapor 
pressure,  narrowly  limited  in  space,  is  also  found  within  the 
level  of  a  barring  layer.  If  barring  layers  get  into  vertical 
movement  their  barring  effect  is  reduced  for  the  duration  of 
such  movement.  After  the  barring  layer  becoming  stationary  its 
barring  effect  may  be  regenerated.  Temporary  interferences 
leading  e.g.  to  a  vertical  movement  of  the  barring  layer  or 
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triggering  a  loosening-up  of  its  structure  due  to  locally 
limited  convection  are  usually  expressed  in  cyclic  patterns 
of  the  time  slope  of  the  essential  parameters  in  the  level 
of  the  barring  layer. 

The  above  discussed  detailed  analyses  which,  in  the  form  pre¬ 
sented,  represent  only  an  initial  step,  are  calling,  in  order 
to  be  fecundated,  for  the  use  of  all  available  microscale  and 
mesoscale  meteorological  parameters  (radiation,  wind  profiles, 
cloudiness)  and  their  variations  with  time. 

Although  it  is  absolutely  necessary  to  further  increase  the  data 
material,  to  further  develop  and  improve  the  scientific  proce¬ 
dures  of  analysis,  still  some  results  are  available  even  today 
which  are  possible  of  practical  application  by  the  meteorologist. 
This  applies  most  of  all  where  it  1b  necessary,  from  the  pro¬ 
files  of  aerological  data  as  supplied  by  radiosondes,  to  draw 
conclusions,  quickly  and  directly,  upon  the  conditions  of  ver¬ 
tical  propagation  of  suspended  matter. 

VIII.  OUTLOOK  ON  ADVANCE!)  STUDIES  IN  THE  NEAR  FUTURE 

1 .  general 

Since  the  method! sm  for  recording  the  exchange  conditions  up 
to  3000  m  a.s.l.  is  now  completely  commanded  and  fully  developed, 
it  would  be  the  obvious  next  step  to  expand  the  investigations 
at  least  up  to  and  including  the  tropopause  level.  This  expan¬ 
sion  is  further  encouraged  by  another  fact: 

A  program  is  being  carried  under  contract  with  US  AEC  at  our 
institute,  for  the  investigation  of  stratospheric-tropospheric 
exchange  using  the  tracers  Be7,  P32,  S35  plus  fall-out  heavy- 
metals,  the  concentration  of  which  is  recorded  at  Zugspitze 
station  for  24  hours  at  a  time  (see  (3)).  The  tropopause  struc¬ 
tures  are  analyzed  with  the  aid  of  radio-sonde  data  from  the 
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Atlantic  Ocean  and  Europe,  and  attempts  are  made  to  calculate 
the  trajectories. 

So  the  following  situation  exists: 

a)  With  the  aid  of  cable-car  telemetry  systems  we  gain  a  pre¬ 
cise  insight  into  the  exchange  conditions  obtaining  between 
0.7  and  3  km  a.s.l. 

b)  With  the  aid  of  the  above-mentioned  tracers  we  can  survey 
transportation  processes  from  the  stratosphere  down  to  the 
upper  troposphere. 

If  it  were  possible,  now,  by  means  of  appropriate  additional 
methods  to  also  cover  the  exchange  conditions  between  upper  tro¬ 
posphere  or,  even  better,  between  lower  stratosphere  and  3  km 
a.s.l.,  we  would  have  the  chance  to  completely  investigate  the 
overall  exchange  from  the  stratospheric  deposits  at  10  or  20  km 
down  to  the  surface  of  the  earth  at  0.7  km  a.s.l.  Such  an  ex¬ 
pansion  of  our  research  program  would  increase  our  yield  of 
findings  by  a  multiple  in  regard  to  the  vital  problem  of  the 
atmospheric  aerosol  exchange. 

2.  Procedures  to  be  applied 

a] _ Lower_Troposghere_ 

The  procedures  per  1)  -  5)  will  be  applied  without  restriction 
during  the  continuation  period. 

b} _ 3_km_aisil_1_u2_to_lower_strat08£here 

The  only  one  but  the  most  effective  and  useful  method  to  present 
itself  is  a  combination  of  Rawinsonde  with  Lidar.  Under  good 
weather  conditions  and  with  a  powerful  Lidar,  aerosol  structu¬ 
res  as  far  as  the  Junge  layer  at  approx.  15  km  may  be  covered 
and  observed  in  time.  The  aerological  data  necessary  for  the 
scientific  analysis  of  the  aerosol  movements  are  supplied  by 
a  special  Rawinsonde  of  our  own.  The  technical  requirements  for 
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such  an  essential  and  methodic  expansion  are  presently  being 
reviewed.  Already  now,  some  preparations  are  being  made,  such 
as  the  construction  of  a  balloon  filling  hall  adjacent  to  the 
new  institute  building  (for  radiosonde  balloons),  the  construc¬ 
tion  of  which  has  just  begun,  and  the  erection  of  a  Lidar  ob¬ 
servation  and  set-up  room  on  the  roof  platform  of  the  institute. 
Negotiations  with  suppliers  have  been  conducted  and  technical 
details  agreed  on. 
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1 .  Figures  1  -  48 


2.  Legends  to  the  Figures  1  -  48 


3.  Individual  Runs  and  Data  Tables 
Examples  A  -  J 


4.  Tables  I  -  XII 

RaB  concentration  measured  on  the  ZugBpltze  (Z) ,  the 
Wank  (W)  and  In  Garmlsch-Partenkirohen  from  July  1970 
to  Jane  1971 


5.  The  Computer  Program 

for  computation  of  all  necessary  values  from  the 
original  runs.  Tables  of  results  as  examples,  see  3. 
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Legends  to  Figures 


Fig.  1: 

Chart  on  the  processing  of  the  recordings  transmitted  from 
the  moving  cable  cer,  up  to  the  final  results:  the  completed 
tables  printed  out  by  teletype. 

Fig.  2: 

Relation  between  incremental  exchange  coefficient  A^  and  tem¬ 
perature  gradient  G-T.  Representation  of  the  relation  by  the 
individual  pairs  of  values.  The  relation  applies  to  real  in¬ 
versions  exclusively  (stationary  equilibrium  of  the  eddy 
diffusion) . 

Fig.  3: 

Result  of  statistical  analyses  of  Fig.  2  with  Indication  of 
scatter  (red). 

Fig.  4: 

Relation  between  incremental  exchange  coefficient  and  gra¬ 
dient  of  potential  temperature  G-PT  expressed  in  degrees 
centigrade  per  100  m.  Representation  of  the  individusl  pairs 
of  values.  Valid  for  real  inversions  (stationary  equilibrium 
of  eddy  diffusion). 

Fig.  5: 

Same  as  Fig.  4,  however,  result  of  statistical  investigation 
with  indication  of  scatter  (red). 

Fig.  6: 

Relation  between  incremental  exchange  coefficient  A^  and  gra¬ 
dient  of  water  vapor  pressure  G-E  in  mb/1 00m.  Individual  pairs 
of  values.  Valid  for  serological  structures  having  a  G-T 
minimum  with  stationary  equilibrium. 
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Pig.  7: 

Same  ae  Fig.  6,  however,  result  of  statistical  investigation 
with  indication  of  scatter  (red). 

Pig.  8  and  9: 

Relation  between  incremental  exchange  coefficient  A^  and- 
gradient  of  potential  temperature  G-rr,  divided  into  two 
Intervals  of  time.  Result  of  statistical  investigation  with 
indication  of  scatter.  Relation  of  general  applicability. 

Pig.  10: 

Mutual  comparison  of  results  from  both  Intervals  of  time. 


Re  -  Example  A 


Pig.  11: 

Variations  in  space  and  time  of  important  structural  elements 
of  the  inversion  newly  formed  at  1200  CET, 

Fig.  12: 

Time  slope  within  the  r^nge  of  function  A^f  (G-T). 

Numerals  1  through  4  identify  the  runs. 

Fig.  13: 

Same  as  Fig.  12,  but  relation  A^f  (G-PT). 

Fig.  H: 

Same  as  Fig.  12,  but  function  A^»f  (G-E). 

The  following  figures  to  Examples  £  trough  H  basically 
correspond  to  the  figures  of  example  A;  hence  separate  legends 
are  not  needed. 

Fig.  19: 

Vertical  profiles  of  the  incremental  exchange  coefficients 


Ai  and  water  vapor  pressure  E  for  rune  2  through  7. 

Pig.  43: 

Vertical  profiles  of  the  incremental  exchange  coefficients 
recorded  during  runs  3  and  6. 

E:  upper  boundary  of  the  exchange  layer 
I:  level  of  inversion. 

Pig.  48: 

vertioal  profile  of  the  Incremental  exchange  coefficients 
A^  for  runs  2,  3  and  4. 
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1  'f,  I*  *a,  73' 04,  M  < 
'  '7,  *3  .  1,  .a/OT.CT  1 
1  "9,59  -8.  f-G.Oft,!*  1 
I  73  *1,88.09,  47  1 
1  '6,  5 ••/♦).  31-  0  5,  v*  1 
I  *0.  1  I  *C,  IT. 06.  23  1 


i  1 1.3  08,  3  //>/ 
(  15.9  00.4  /ft/ 
1  6-.  8  C8.  .1  01.6 
I  CC.7  CO.  8  Cl.  4 
:  IM,  l  01.1  Cl.  3 
t  56,3  Cl.  S  01.0 

>  61,  I  ul,  1  S3, 6 
1  63.  I  Ot.C  2C»  ■» 
S  61.  3  03,  v  OC.  6 

>  18. i  cc. 5  SO. 4 
I  4  3. *  CO,  *  00.  3 


VI  ,044  ,  .  , 

in  03C  «W*I  -I.J2  -1,76  -1.9*  • 
89  IM  * 334  -O.*?  -0.48  -0.*1  • 


<  04,  76  03,  TP  .  07 

•’»  41  05, “4  0J.C4  f  J»3J  3101  68 
.63  06,  50  06,84  |  9,71  8904  69 


Example  E2  17  Oct  1970 

. •$ 


‘-I  1130  7  IOC  • 
•yj  i*IJO  JijJ  • 

u  mp-jc  t«i*  « 


Lrl  l  S  nl  _»L  -V  M*  C 

us/  jc »i  :j.  v»  vw.si  >'«» o  32,4  //,/  i,>t  v«*  i 

3^42  Mftd  OJ.H  ',0,51  57,  7  52,4  1.17  04.  t 

'  *33,2  1JS 7  J047  CO.  2  0  1)0.  »1  M.l  32.4  //«/  1.17  01,2 


04  Slot  lua  ‘07,  l  -3B»6  UOy  JJi’  30,  77  00, 42  u).  1  OS,  «  a 


1.17  1/t.l 


06  10C0  ?««|  ,06,6  *01,6  *614  14,00  3 1.  00,  #7  10*7  52,  J  //,2  1,  17  04,  I 

07  HOC  «l«l  »C*ft,M  •00,4  M77  «<*»  3I»8«  01,  J4  7.0  OS,  •  ?'»/  1.17  01.1 

-ft  )~CC  IMI  «0*W7  •vV,  I  Mil  8v»iy}8,61  04,  17  11**34,1  01, »  l.j*  01, « 

1  44  26  *0j))  ••>4, 

II  10-30  4011  *01,7  *04 


it  oa«* 

7  0  J  i  *  1 ,  M  91,1 
6  -Mi  4  I  ,  In  <>  I  .  * 


(H  i.-  4*7  c-t  9*>  c-k»  o-pj  I  * 

*0j7  .  *  ,  ,  *  OS, ««  OS,  84 

•341  *0,  U  *0*16  -C,  04  -0,  *0  ,U,?*_0  3' it  01, «6  I 
•344  *0,  33  *2.0 J  *0.3*  *0,17  •0,14-08.0*  01,42 

•  G90  •C.ro  43,01  *3.02  *0.10  »O.IV  01,40  01,71 

•  3*6  40.  SO  •?.,  .}  «C,3i  *0,33  <C,4\Ct,71  01,61 

40M  40,14  '  *v.  I*  >1,48  »0«6C-O  1 ,  *7  01,70 

4  064  4O.se  •  0,  k  1  -8. AM  40,44.01,  ft*  31, 7C 

•  348  •  C .  1  1  *?..»  ••1443  *8,7*  41, Si.  08,44  04, SC 

*0*4  »3,  10  -£,il  -V.7A  44.11  4U34.0J.4I  04,  1C 

’>07TC  *J,*I  *C,  44  -1.  M  V*  1,  14  04.  Ji  13.  44 


♦044  >0,10  .tf.l"  *3,ca  *1.43  41*11  Oft.31  17.44/166. 


11*1*4 
401.01 
104*.  74 
9  I  8. 1  * 
(9,  JO  "I 
4  12.  92 

1 4,  i  r, 

4.  *ff 

17,  so 


vt 

00  OS 
99  01 
\>0  04 

00  34 
00  06 
00  C7 
:i77i  0# 
8077  04 
1*984  13 
60  II 


g/»tDI4'l>W»tJ*l 


a 


rt 


1/1 


nP 


-L 


16  17)6  81)1  406,4  *30,4  1)37  #V*4  91,81  01,  X  14,0  OS,  •  X/,/  1*17  01,8 

17  1711  4977  #06,4  *3/-,/.  2)71  48)0  01,11  01,4)  D.J  C„)  XX,/  1,17  04,0 

15  1)84  INI  439,4  400,1  *43)  a«3|  08,4}  09,  17  11,  9  03.  1  01, ft  1,14  01.4 

1*  IMS  44  *  409,8  *31,3  8481  J)»«  03.48  OS,  SS  41,7  01.  7  01, 0  1,14  09.8 

83  116)  *611  *39,  1  401.4  *40*  B4)2  04.94  03,08  W.0  01,4  0|,0  1,16  98,4 
•  I  1410  8178  434,8  408,  3  Mil  84)7  08,14  04,  11  *8.4  00,8  03.7  1.44  01.4 

68  I80C  4484  4  9  3,8  4  01,0  447)  W4 1  09,89  04,  80  71.  8  00,  7  00,8  I. II  01,3 

l  IH  TV  0*7  G*l  Oft  0*»)  0*81  IV  4  0  1 

16  4  084  ,  .  »  .  4  01,64  01,74  >  18 

17  041  4)64  »C.  84  *04  18  *0,  11  *1,  74  »0,H-0l,M  91,68  74,40  ftiftft*  17 

18  117  *0«WC,O  -0.8  1  -0,74  *C,  17  ^l,7C>39*74  CB.84  14.40  4  1  88  14 

18  044  *  981  •-!»)*  •;,«»  -C.9)  -4,  tl  *1,48-44,83  09*01  #.*»  41*0  I) 

W  lift  <0)8  -  0  ,  86  -  3*44  *  0,  31  -8,10  *1,31-03,4*  04,1*  18,70  1674  9  H3 

U  I  I  86  «079  -3,18  *  0,9  4  -Cf«J  -8.16  <  I,  <*-34,  01  84,44  8,47  4831  81 


S-041C  17,10.1)70  14. JT  UHn 

48UPt*NI  VIACSI 


01  JJC3 
CM  S4C.I 
03  8833 

.«  44*v 


34  1633 
36  I4CC 
10  iI53 
i:  icco 


7180  »:'•),  4 
7446  *03,8 
lain  *94,  4 
761  1  *;«,  1 
*i  1C  #0  7.  I 
4 0-1  ft  #39.  1 
4806  *07,3 
841  l  *07,8 
4  691  »C4,  V 
*43*  .03,  l 
60*1  *wj,  j 


:» 

•34,  i 
•01,4 
•31,) 
•C3,  1 
•C4.  7 
•01.7 
•03.  7 

•ai.ft 

♦38,8 

•01,4 

•08,4 


TV  7  G*  X  0-1 


(1*7  9 

19*7  CO,  61 
3-77  00. 17 
1041  90,4  7 
308  ft  CO.  4* 
ice 4  ::.*4 
ICC I.  0! ,  TO 
JCS6  CJ.IJ 
30)8  C4,  1ft 
1008  38.08 
88  7  8  38,  SO 
84 fC  36*  M 

•nl  O-PT 


OJ,  93 
30,  9* 
00.71 
jc.  ic 
:o,  6i 

01,  39 
04.81 
03.  *4 
04,  II 
94*  11 
34.  60 


h»  ♦  !,  »L 
07.)  C..  7  X/,/ 
04,4  34,4  XX,/ 

90.7  ca,  )  XX,/ 
08,  9  C».  )  //./ 

94,  I  0«,  I  //,* 
14.  4  01.  7  X/,/ 
44.0  0|,8  //,/ 

91.8  0!i  I  00.  4 

71.8  C 3.  7  00.8 
11,1  CO,  8  00.4 
■  *•  I  CO,  ft  00,4 


1,  70  04.  M 

1.90  04i  I 
I*  9v  0)»« 
I.  tC  0),H 
I.  90  Pit  9 
l.»0  32,  2 

1.90  08.6 
I*  8*  01.8 

1*94  01,8 
1,  34  01,9 
I.  81  00.  ft 


39'J  l 


.49  • 


,11  ••)»Cl 

•  Oil  *::.;.i  •4.41 

•  J 98  •  I ‘i  *1,11 

•  u96  -C.41 

*34#  f  .. 

•cm  -rriv 

•Oil  -C.Oft  *1,44 


•9.18  < 
•3,13  ' 
■0.4)  ' 
0,47  . 


♦'.•*i>,  -C.4I  *0,47  •  4, 4  I  *1 
'•:•  >u/*l*A4  .-.n  -*»4)  *«. 

»C»2l  •*,!•  *|, 


1  *1*01 
I  0,60 
I  *0,40 
r  *9,89 
S  *1.09 
>  *9, ) 4 


98,  81 
08,  41 
38  ‘  41 
08,  38 
OS.  14 
OS.  37 
jfl,  36 
,'B.  )  7 
03*  97 
04,  80 
04)84 


01,  1) 
51, 441 
01,4* 
01)  9) 
01*44 
9  4#  99 
))•  30 
37*44 
14*73 
•8.7  6 
)•»  M 


I [44,96 
1709.  88 
IT  80,  78 
«8,  74 
J9.08v 
iv.isr' 
IS.  16 
!•. 
841.  FT 
^351.1) 


Cl 
QC  OB 
00  03 
UO  04 
48186  09 
19748  06 
761/91  07 
1  1  787  Ja 
17*77  0) 
9)  10 

SO  >1 


i  H 


r  I 


U  I  *  -  J  7  411  .‘,6,4  4-a#9  •» 4 7  1019  -4.  T9  Cl.  94  71.6  01,1  'JO,  6  1,6)  01.6 

|1  1*11  IW*  •-■*,;  •-'8,«  8)14  3041  59.93  C4, 09  Mi  4  C.»)  03.  ft  1,99  ,1. 9 

14  )«./  4764  *14,1  »U,J  #nv7  1013  06,C-7  04,40  73,0  CC.4  00,4  1.6*  01.1 
I)  IJI7  4*63  ,'1«.8  •CP.U  S4)J  1134  0»»  01  C  •,  3 1  1#<  4  0C»  1  05,4  1,  90  01,1 

mj  I  J*S  #701  *03.  8  •  33.  J  244  v  .D )  9  0  8,  I  4  14,  «9  71,  9  SC.1  UC.  4  I.  97  31.  I 


e  im 


14  -M7  •j’yj  • 


C-h»  0-»-l  1  9  f> 

.  .  ;s*#7  J7.44  , 

1.9)  ,4>w  >1.19  3}.  64  11,77  81,7/ 

,41  •v.44  ••l.v:.  -I.*}  *1, )4  3).  91  lt,IO  93.71 

.IV  ••i.l'k  *0,1)  •!>  1*  A  |  ,  4 1  01,  70  SC.  4/1  4„4) 

,9|  -v.JI  •*  1 1  •5.41  .8,  96  01,48  4 1 . 4 1  ■«*#  *«0V 


.  ■  I  -</< 


•  ,-,)>.)  ri  04»i ; 
i  M 


Tr  I 


x I  S0"9  «004  •  "19*  I  --,1,1  ,)*9  ji}\  01,  1«  -J|,  IK  11,4  01,7  //./  1.  90  18,  / 

•  4  144  4  *12'  »04,*  *01."  6/7*  JJJl  Vi,  li  Cl,67  MJ,  I  01,7  //•/  1,90  08,4 

•  1  l»'**  SS94  •■»7.  1  4C  C.7  t)4*  1026  01,4}  C8.  *4  44,0  01,9  //»/  1,90  38.6 

).1  I  •  6)  81-.6  •'.•.»  •••1,3  48  34  1046  04,40  01,  3'1  46.7  01,1  //,/  l,9u  02,8 

40  in-Ju  4411  4V4.4  431,9  4649  J314  C4,  79  01.  98  >3,6  wl«|  03,4  l,*6  01." 

t  l»1  IV  ll«  T  r,.|  r..j  «:•„»  0-^T  I  6  A  t  t 

"•  *'’91  .....  38.  39  Ca*  9ft ,  ,  Ml 

2i  113  40,34  •■:.'!/  -■;«  ID  .4,09  »:,77  C8.  17  C-,.  9Si)7/H.C3  31/  88 

21  0,9  ,064  -0,14  .1,6*  .*,64  *  1  *  I T  08,  48  03.1’,]  |f,l«  I  2-238  «3 

i*  MS  »)M  -  -J*  4 1  *0,  Ja  .4.96  #0.4/  08,71  00,  64  I  19.9)  19275  84 

z7  Oil  • /VI  ••;•  JO  -C.  )7  *0,42  •  9<  Ci  •  1 .  3*  04i#7  O7.«o|  |0.  10  /If*  09 

Hl-Lf  I  16 AMI  I  ■,4) I  ll 

t  H  »’  1  IP  rt  8-1  7  ft  ..I  »U  --  *1.  t 

»r|U  *!•»  4-/9.1  *SM,  7  ./l,  6074  wv,1*  <.;,67  v*.  I  08*1  //■/  1.53  P3,  9 
.»  3IC7  '•))  •■'».  1  -1J.J  -«6»T  Jw-*4  Jl,  l<  .-.,61  I  )|  7  Ol.T  //,/  1,90  15,4 

.4  MjU  6  /#•-!  41*6,  i)  ••,1.6  UA4  )/C6  01,  M  «|,1|  14,3  01,7  //,/  1,70  Oh,  9 

,/  1)46  4 CO 9  »■/•*  I  ••II#  7  • ) 69  1-'J|  1 . 7A  ,|,}M  M,4  01.7  XX,/  1,70  <CW,  6 

JO  I,  J9  IJM  *•■*,  1  *1)1,1  2)41  )  66  7  -Jl.  it,  01.  J*  li,  t  01,/  i  /,/  |,  70  Or,  7 

)l  I1»*  4154  »j«»4  •'•1.1  if)  94  11‘Jl  01,63  4'»0  01,7  //,/  I, 7)  C/ll 

J-  l’#*  4 S-J*  •■-9,  J  4 O'l.  I  lr)4«  JC86  OJ.  13  0 .,)■»  *4,0  01.  v  //./  1,90  04,6 

i  ix  rv  ".t  ii* i  '•*.1  i  v  a  o  .  /•, 

-  »  •C‘2  ,  ,  .  .  ,  02*  1*  01,44 

•  1  "-/)  •-  . . .  J,  ..,.1  -  J.  4 1  4  1,04  n,  1*  6-4,74  I  4»«0 

1  ■>»*-•  4  I  -  I,,  .4.,/  41,2.-  :,/,»  C-),  }■!  I  l  7.  U 

'i, 7  •  .»  ..  «0*il9  •-J.4W  -C2,  J6  C),  ftft  |  4.66 

.  •  .  .4  -0,7)  •‘I.TI  1,8,17  •■1.0) 

-  "■••I  •  */,  *  |  •4,--9  IV,  79  f,f,  14  •:).*/ 

.  -  I.  -  |,  u  .„*<  •!,  I  7  68,  4 V  ■/),  31  I  l  4»  '3  14  |/.  »  Ik 


./  -J,.'.  ' 
J  ‘1*  J  ' 
11  ;U  > 


(  H 

01  1300  T|  10 
02  HOC  7V Al 
01  *600  74 Jm 
04  8403  1606 
07  8X00  74 00 
08  400  .  I)/ 6 
07  1900  8167 
08  1603  *438 
04  |400  *13 

n  isco  ..iw 


I  IP  /\ 

01.1  -34,  1  J043 
*31,0  -31.4  3 3 M 

•  04,  «  -Cl,  1  J387 
,04,  6  «0#  I  1306 
*07.  J  -  38,  7  8)9) 

♦  17,  J  .Cl.  4  .164 
07,  /  OO,  8  8/74 

♦  uS.  )  tOO.  I  CO  11 
09.  0  411,4  WOO 

•  04,  ft  «C2.  1  6dT7 


Prl  l  i 

31) A  3:,  49  03.31 
1376  33,  75  v-,  *.S 
1C4R  0;,*6  CC.  19 
1C83  55,*/  01,78 
J.'IO  vC, 6 J  CC,  14 
1-1 3V  3|,  7J  51.17 
2)18  52,04  51.  74 
8660  12,61  5a.  1 7 
°T)S  0«,  J6  01,  16 
4)68  Jft,  )4  C4,  IS 


I  Ca,  I 

I  CJ,  # 
I  t/3,8 
I  vl,  8 
I  03.  8 
S  C)»  ft 


>5-  3  U j.  1  on,  (  |,  0ft  yl. 


TV  fi-t  C-P 
•034  . 

»U40  »J,U7  -C,  8 1 
•144  *3. aft  *0,07 

•  3*0  *3,01  -0,01 
•094  *5,  40  -U,  18 

•  •, 57  40.0.1  -J.^4 

•  C8 1  *0,  30  .3,2) 

•  1362  40.00  -0,  43 

•  061  -3,  15  .u,7il 
•054  ••3.  99/*  1,74 
♦04)  -CrW  »3;3ii 


7F 


C-4 

•5,  14 
♦1,09 
•0,01 
•3,0* 
•v,  8  I 
-(,.81 
•Or  33 
•3,4) 
•5,91 


Pi 


fl*  up  Q-Pl  I  4 

>  ,  Cl, 4V  01,49 

-2,46  4|,OI--.a,M8  01,77 

•  J,  4  ft  0,  5)-  <’M,  Oft 

•  0,  1 3  •  i, oh -«i 

•  I.  80  >1,61-11,  ; 1  v|,  M 

-1,04  >1,08  01,,  /  vl,  < ft 
-2,  J7  »■/,  73  Oli  5)  01, 70 
•5.  14  M,04  08,  3 4  0),  74 
*•*81  M.  I*  01,  14  C  1,  6  I 
•IiMAuW  01,  /I  4  3,19 
•7.03  •  . . 


M.  17  . 


716.47 

|4:aus8 

)(3i1l 
*)  4  •  A 1 
|J*0S»  16 

23.7) 

6.47 

,  .11*9* 

l)*4  f,  ft! 


t/  r 


•L 


18  1801  8408  ’3ft.)  *30,  1  (733  HUiP  02,61  c2,  IT  11,4  06.1  Cl,  4  1.47  33,9 
17  1931  2479  *38,  1  ,53,6  8)84  2668  03,  PV  c8«  *3  14,6  Ul,6  01.  J  |,  J6  -C3,  J 
14  1487  4742  43ft.  t  *01,  J  «)lft  M66H  04,82  cl,  18  41,0  01,9  01,1  l,3*ui',  7 

I)  1801  8813  *Oft.  8  *01,  4  2)06  86)8  CC,  38  Jl,  16  a7.»  01,9  01,0  1,43  58,  7 

20  l)Bv  6  866  *37,  7  *01,6  8708  8)98  04,88  03,47  ft),  8  01,2  00,0  1,46  08,0 
SI  1891  4774  »Cft,  I  *32,  4  8488  26)4  Oft,  *6  04,03  (4,4  00,4  Co,  7  1,91  11,4 

8ft  1101  84U6  454,  5  4S2.  3  2477  8)4  6  09,68  04,  IS  (),  J  OC,  7  03,4  l.UftOI,  J 


18 


IX 


♦  562 


0-8 


17  08)  *3*  7  *0.8)  • O, 9  3 
10  083  *6 ft  1  -i/,T6  •  1.99 
16  08ft  43ft!  *5,00  -0, 13 
81  040  *  3ft8  /•;,  18  *0,  71 
81  Oft*  40ft7,-C, 87^-|, 2ft 


C-fc  ll».>7  C-p .  I  4 
,  ,  ,  52.34  Zm,  9ft 

C.  3*  -4,67  ‘5,74/52.61  Oj,  44 
•1,10  -4,67  «I,SC-U3,4fl  04,61 
•j,07  .1,40  ’1,0303,11)  09,41 
■Ci  17  *9.76  «  5,  6i^03,  43  C).  7  4 
•0,48  *7,  ft4*«  I,  63*0 3,  71  8C-, 


fit  093  *u8ft  -l,l»  -0,48  -0,18  -0,*s  *a,  4ftOJ.)l  Hi,  |  ft 


10.  36 
4,  34 
31,04 
4.  06 
9.  M 
823,08 


10 

)Ki  17 
4188  IM 
31143  It 
46(9  ao 
9877  8  1 
SC  88 


4/-P8U1VI0MU  n 


pi 


9r  I 


■  3  207)  7)12  ’C7,4  •  OH,  0  «)7S  J  50 1  01,10  03,87  |l,ft  03,3  //,/  1,30  •--1.0 
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41  111  *1)4 
U  CM  *11* 


4-T  0-1  1-1 

*9.14  -O.tt  -0.  II 

♦  0.10  -0.34  -0,40 

♦  0.44  -1.00  -3.74 

♦  0.54  -0.  13  -0.03 

♦  0.44  -0.  14  -0,04 
•0.  I4.-I.  34  -0.44 


4-FF  4-41  I  M 
.  .  01- 77  01. 11 

•  0-31  »0.*l'0i-19  01.31 
-0.13  *0,39  -94-41  01-11 
-1.04  -0.59  04-47  03,  11 
•1,11  *0. 4*04.9?  04.  M 
•0.41  *0.  14-03.  II  03.41 
-1.41  *1,11403,04  01*43 


19.  M 
14,74 
t-  49 
194.11 
144.  14 
VM 


14411 

11711 

S4M 

09 

00 

IMI 


14 

IT 

14 
19 
>0 
•  I 
44 


V-LIl  IFAMIMUT. 


Example  J  1?  Sept  1970 


t  m__  r  t  tr  rt  vi 

i  HH  lift  •  **.*  *#*.1  M0.4  Ml. 4 
i  I  MM  fMt  *04.0  *66,4  (Mil  Ml, a 

4  a«0«  TMI  iM. >  -Mil  Mill  M.I 

5  ItM  Ml*  «**.»  .lit*  Mbl  Ml, ■ 

I  BO OK  I  Ml  *41.0  ■  M*  1  MW  *01,7 
1  IIMIIM  703.  1  «M,J  ML •  ftOt.C 
1  IM*  (Ml  «0*.»  *01. 1  ML  I  Ml. 4 

•  I  MM  IM  .04,4  «08,0  Mill  Ml.* 

I  1*00  MOl  <0),*  Mbl  Ml.  I 

I  1*06  1011  «M.l  •  MM  Ml. 4 


■  I  W  »l  *1  «♦“  1 

•  1,^  •*•,*■  MM.‘?  *.-••  •?.  • 

•  li  44  01,  M  *1.3  Mt*  00.0  i.O*  M,1 

01.41  01,  J*  14.4  M.I  00.0  Mil  01.  > 

OLM  M.  71  Ml  *  #0.1  or  •  0  0,11  00,1 

OLII  03.0*  04.0  *0.1  00,0  1,0  4  00.  » 
04.1*  «)#I1  W.I  00*1  00.0  liU  00.  T 
04.4*  oj.11  Mil  40,  •  00.0  7.  43  00.1 
04.0*  tkN  *4. 4  00.4  OO.  I  4.01  00.  T 
01. *4  01.W  M. t  00.1  00.4  |,iO  01.0 
04*10  04.  U  W.I  00.1  00.1  I.  14  01.0 
04.4*  04.47  w.l  00.1  00.4  0.14  01,1 


t  9*  TV  I  •  I 
I  4*0.1  , 

«  4*0.4  4  4,  JO 

1  ‘Ol.l  *0. *4 

4  400,4  >0.11 

t  411,  t 

«  •  0*.  I  •».*! 

7  •«*•  ■  40.  T4 

«  400.  1  *4*  71 

«  «or.Q  40.li 

I  <04. 0  40,41 

I  404,1  44,41 

xMMUAniU 

IN  P  t 
I  4 M>4  744*  *00.*  « 
J  IM  7140  *01,0  ' 
MOO  74*f  *04,1  - 


-Citl 
-(*.  M 

*0.  J* 
•0,01 
-0.  II 
•0,14 
-O.M 
•0.10 


•  0,04 
*0.04 
•0,7* 
-0,*0 
-0.  *4 

•  9,03 

•  0.04 
•0,04 
-0.J1 
•0, 0* 


•  1,47 
*0.17 
•1*10 

•  1*11 
-1,11 
*0.44 
*1,4* 
4|.*0 
-J.4J 

*  0.  IS 


«>»t  I 
•  .04*41 

*0.7  4*Mi  14 

•  0*10-01.74 

•  1,47101,44 

•  0*74  01,  II 

•  0,14  00*10 

•  0*  47  -OO,  40 
*0.47  -00*14 

•  0,  I  V  01*14 
*0,  04-01*4* 

•  0*04;  01*04 


01. 0*  * 

Mai  I  11*11  l**ll 
00*  7*  400.  OO  00 

0«.l*  0*01  #71 

04.04  4W*  41  CO 

04,44  1101,11  00 

01,4*  W,  St  W  404 
04.  W  44.44  WHO 
01.14  *7,11  44441 

01,14  4417,  11  00 

01*11  1140,10  M 


04.4  *04.1  MU*  01.41  01. It  44*4  04.1  00. 0  ft.  I  I  04*1 

01.1  401,0  SOI. I  04,04  01,41  10,4  01,1  00,0  0.07  01,4 

04.4  *11,1  *04,7  01.14  04*11  11. 1  *0,1  00*0  0*1*  00*0 


I  «  IV  4-7  M  4-4  1-M  *-#»  IN*  D  t 

I  *01,1  ,  *  ,  *  *  01.10  00.1*  «  I 

I  0111  *01.1  *0,04  -0,31  -a.to  >1.10  »Q,04^0I.W  01,07  1*W  loot  a 
J  0011  *00.0  *1,  11  -1.74  -1.43  -1.04  »**fc7^01» 47  04.44  0.  14  111  1 

M-rtUCMTlOKllTl 


1*0*40  II. M. 1*10 


■  Mjrt.NI  VIK.1l 


4  «  * 

I  1*00  IlM 
4  WOO  lit  1 

I  44*0  TIM 
«  S«#0  14*0 
«  0000  To  11 
4  *000  4004 
I  1400  HOT 

•  1460  INI 
«  1400  INI 
I  1*40  MOO 

•  1000  0010 


•  Ot.O  *00.  4  10|,  1  104.  I  Cv,  I  |*  01.0  04.0  00.0  4,  41  0|,  ( 

•  04.0  .01,11  >74. 0  >04.1  OO.l.  ■■.  II  01,1  Ot,  3  ou,  n  1,4  7  38,4 

•  91.0  *04*4  JO*.  3  JOS.  I  40. * w  v.  44  14.1  *4.0  00.0  ),  W  01,1 

•  01, n  .01,  1  404,4  >01.7  01.  j:  02.11  44. 4  01*6  00,0  »,|3  0|,| 

•  J>,»  *00  .  0  14  7.  I  MS.  0  IV  0 1  04,01  03,4  00.4  00.0  7,  *1  00,7 

•  04,  4  *01,4  440.  0  >07.4  00.41  04.14  04.0  OO.  4  00,0  7.  *J  00.1 
•04*1  •04.1  400.4  Nkl  05*01  04*14  W.l  OO.  1  00,0  4,01  OO,  f 

•  01.4  *03,1  HO.  4  300.  1  01.44  94.04  11.4  Ola,  •  00.  3  4.  0 J  01.  J 

.00.4  *04*4  HO- 0  144.  0  ©V  01  04*  )4  10.  1  00,4  OO,  4  1,01  0|,  | 

•  10*4  *00*4  H4.  0  301.  1  00.44  04,  I  J  44.0  00. 4  00,4  I,  BN  01,  | 

•  14*  4  igiil  Mil  300.  0  00.  1 1  04*  tl  Mil  00.  0  OO,  0  U.Oi  01,  | 


t  m  tv  4»i 
I  *01.4  * 

t  >04,  4  >0. Ik 

>  *03*0  *0*  10 

«  *01*4  ,0.01 

0  *04.  1  .0.  10 

4  *00*  3  *D.4t 

1  *00*4  *0.10 

4  *M.O  <3i(« 

»  *10, 1  *0,40 

I  *11,0  *0.  40 

a  *it.3  »o.ao 

mP-  in#  nun*, 


*0*04  .0*04  -0,  SI 

•  0*  10  .0*40  ->.10 

•  1*47  •  |*OJ  >4.  It 
-0.47  >0. *7  -0.  It 
•0.  40  *Q.  I  I  -0.  41 
'0,00  *0.01  >l,|l 

•  0,04  *0,00  *3,74 
-0.44  -0.  14  *0.41 

•  0.04  >0.11  *4,47 
-0,  It  -0,01  •(,  }■ 


04.44  40,14 

•  1.10/04.04  CO,  4* 
•■,,41-01.71  00,40 
•0,01*01. St  01,44 

•  0.  04*01 ,01  03,  0 J 

•  0.  11-00,10  04,  74 
.0, 41  no,  01  01,4© 
*0.  1 1  OO, W  01, 01 
•0.  I  4  00,  44  00,14 

•  0,  11-  OO.  44  00.  tl 

•  0.04-00. 41  00.  0* 


A  tl  I 

4.14  *011  a 

1401.  4  4  00  1 

1*47  '  1174  4 

10.41  io  m  i 
It.  ok  or-  a#  o 
t4*  4  3  44,  *?  T 

7,44  TuOl  f 

14*14  1 04*0  f 

103.  44  00  1 

■004. *1  OO  ■ 


IN  IT 
I  4400  7440  *04,0 
4  4444  7041  *04.4 

3  0401  10H  *03.0 

4  4H4  77«  *03.0 
1  4400  Tilt  *03.  1 


71  #1  BNT 

*04,1  300,3  304.1 
-04,  4  HO,  I  304.  4 
-01,3  H4>4  104,  T 
•00.  I  m,  3  307.  I 
•00.0  llt.l  *04, C 


IlM 

00,  *0  00,44  1 0.4 
01,41  01.04  31, j 
03.  31  04.  11  U.4 
04.  47  03,  41  01,  3 
01,01  04*00  11.4 


«t  -L  •(•  L 
04.0  00.0  1, 04  04.  i 
01.3  00,0  0>«l  01, 4 
01.  C  00.  0  li  13  01. 1 
00.  t  00,0  4,  44  0C.4 
00,4  00.  g  7,  13  00.  1 


t  HI 

I 

■  0101 

3  00*4 

4  0104 
1  0044 


•03.0  .  , 

•03.  I  -0.  10  •  I,  M 
•03. 4  *0, tl  -9, 4 4 
•  \  3,4  *©»  ©O  •  |,  14 
•04,  3  *0.  71  >0.  41 


1>  4  I 

-1.00 
•0,  14 
•0.40 
•0,  44 


0-M  0-M  I  N 

>  ,  01,7  1  00.40 

-0.01  *1.  I  >01.  It  Cl.  31 
•1.4*  •0,41*01* 34  01,44 
•4.  17  *1.04*01.41  C3.  IB 
-  4.  41  •0,14*01,07  03.  03 


■  f-  f  UJCN7 1  OKU  1* 


*  C  l 

•  I 

0,44  037  ■ 

4,4ft  4001  J 

3.43  3411  4 

44.41  4*0*1  1 


1-3441  11.00.1410 


NAUN1-NI VtAUll 


IN  P 
I  3000  7140 
»  4400  7441 

3  4000  7414 
»  4400  7000 
1  4400  7774 

4  IOOC  1044 
7  1400  4104 
4  1400  4)40 
0  1400  4040 
I  1400  4701 
4  1000  4140 


?  11  41  *47  C 

•  04.0  -04.4  304.4  101*1  00.40 
•03.0  -  04.4  104.4  103. 1.  00. 14 

•  01*1  -01.0  >00.1  Ml.  >04. T* 

•  01.1  *00,4  HI.  I  110.1  01*44 
*04,4  *00,1  #04, 4  Ml,  4  SC1I 
•01,1  *04,0  401.7  110.1  04.90 

•  04,4  *03.0  404*1  IM.  4  94.11 

•  01.1  *04,4  NIT  IM.  I  04*11 
*00.3  *0S.«  MU  304.4  04*10 

•  10,4  *  04.3  404, 4  304*0  01.H 

•  19,0  .04.0  BO 3*  I  101*4  01.44 


•  N1  «L  -L  M*  L 
00*40  CWI  04,4  00.0  1.40  04.0 
00. H  04*4  01,1  00*0  4,04  04.4 
04,14  10.1  01. 4  90.0  0.43  01.9 
04*44  41.1  00*4  00*0  1,04  03,0 
01.  M  M,4  00,0  00*0  0,10  01.0 
04.10  00.0  00*7  00.0  7,14  00,7 
04*  w  01.0  00*0  00.0  7,11  00,  T 
01.06  44.4  00.4  00*1  1.01  00.4 
04,04  11.1  90.0  ©0*4  I,  ©4  01.0 
01*40  M*  ft  00.  ft  90,4  l>  44  00,4 
01.  W  M.  i  90.  »  00,  ©  0.  71  01,1 


t  m  tv  ©-T 

I  *01.0  , 

•  *03.0  *0,07 

1  *03*4  *0.01 

4  •  QO.C  *0,  10 

1  »CV4  •O.Tl 

1  *07.1  *0,14 

4  *04.  ft  *0,40 

0  •  10.  I  »0,1o 

I  *11.1  *0,45 

4  *11,4  *0,34 


0-1  0-1  0-M 

•0.04  *0.01  *1.01 
*1.41  -1.01  *  I*  34 

•  1,43  -0.04  -4.13 

•  0.31  *0.33  *1. 44 

*0.14  04  •#. ’ 

-0.01  •0.0 1  ♦»*  It 
•0.34  -O.lt  -1,44 

•  0,00  *0.04  *3.30 
•0.14  -O.  13  -0.44 
•0.1 4  -0.04  *0.41 


B-4T  I  N 

.  04.41  00.77 

•  0.04' 04. C4  00.  61 

•  0.04'  01. 70  00.0  4 

•0.4  >  01,  14  03.14 
•0.*l  "t-91  04.31 
■ 4 1  tug. *  j  , 

-n.4j  *-«.  •  »  Of.  '* 
•V,  ,I*V# 

•  0,  14-OO.troi.H 

•  0*01-00,41  01,04 

•  0,44/00,41  00,60 


4  C  t 

».4»,  10906  4 

6.44*/  1490  3 

1,91  141ft  4 

•4.01  44114  1 

-’•91  ">-*4 

44.44  14404  4 

11.44  1(331  1 

U.  O I  00  I 

l.rf  7110  4 


IIP-T0*MMktV*l 


IK  IT  II  #1  £>I  ■  S  UP  *L 

I  4734  T J90  •  t,»  -04.4  301,0  304.1  00.4’  CO.  14  11,1  09.1 

4  IftOO  1414  •  .1  -01.0  >00,0  301.  J  09.16  04.34  19,1  01.4 

3  1144  1468  «t  0  -OC.4  3  00.  1  110.  4  0  4.44  0  3.  14  >7.4  00.1 

4  |M6  7  493  •©;  *00,1  HI.  7  310.5  04,  16  03.9#  63.  t  v9,l 

ft  1400  7099  *03, ,  *00,1  HO,  I  310.7  Oft.  88  C6.W  47.  J  03,4 


-L  *1-  L 
O0.0  3.  66  01,  B 
00.  0  0,  ft3  01.9 
©0,  0  1,39  00,1 
0:,  0  9,34  00.9 
©0,  0  9,04  CC.  9 


37 

8  0138 

3  Gvftl 

4  0041 
ft  0104 


>3.0 
♦03.4 
♦03.  ? 
♦01,9 
•lw» 


5-T  0-1 

•  g.  Ift  -1,44 
»C.  39  -3.31 
*5.00  -C.  f© 
-0.34  -0.43 


0-S  C-Kf  « 

-1.10  -8.  13 
-8.74  -3,06 
-0.93  -3,  It 
-0.30  -3,4  3 


i-n  i 
.  01.93 

•0.8  V  01,64 

•  1,44*01. 60 

•  ’1,02*01*  33 

•  0*61'  01.34 


00.7,  , 

OO.  9  I  30.74 
04.40  0,04 

Q3.49  4,  75 

03.34  1540,44 


I 

13464  B 
4  •  3 

ioa*  4 
oc  0 


NP-ltlXHTlCKlJII 


1-0*44  17.  M.  14*0  10.41  IMR 


KAWT-NI  vtAUki 

in  ?  t  rr  »r  rt 

I  MOO  7101  *01. 0  .00,4  304,4  303,0 

•  MOO  74M  *03.*  - 14, 4  303,4  303,4 

1  4400  7404  •03*4  -03.3  301,4  394.; 
4  1400  1M4  *03**  *30,4  HO,  4  310.4 
1  4400  71 W  *04.  i  *04,  •  404  ,  4  311,4 

4  ©000  1*11  *00,4  .04,7  H7.4  JIO.O 

7  1400  1 1  #9  .06,4  *06.0  49  6, 4  310.3 

4  1*00  4344  *31,  7  *04.0  99  5.  »  309,4 

•  1400  4144  •0*.  0  *00.4  HO.  I  309,4 

1  1400  am  •io* a  *04.0  at*. 4  304,4 

a  1000  1040  *||«1  *01.3  Hj,  0  307.7 


® 

■  *  M  »i*  -C  ♦  »*■  L 

©0,1*  09,16  Ot,  4  Ou*  8  (fit  0  6,40  04*3 

00.  14  09.  14  01,*  04,3  90,0  6,  33  01,4 
01,1*  00.07  13.0  01.4  00.0  1,0*  0l,4 
04,74  03,43  60.4  00,4  00.0  4,93  04,4 
06.  14  06.  9  6  7>,1  00,  ft  00.0  0,11  ©0.  C 

05.  74  04.  54  44. 1  09.  <  00.  0  7,  59  00,  7 

04,44  05,01  67.0  00.1  00.0  6.03  «0. 4 
07.14  05.  14  67.6  00,  9  00.1  3,  tl  ©0,7 
07,93  0  5.  40  41. 6  00.9  M.  3  1,44  ©9.4 
07,  44  05,44  61, ft  00,4  00.3  U44  00,4 
07,4*  0  5,  47  54.4  00.  ft  00,4  1,94  Ol.O 


TV  B-T  0-1  0-4 

•51,»  .  .  . 

•01,4  *0*10  -«,aa  *o.4i 
•03.0  •0.49  -0*90  -0.  At 
•04*  4  -0.  10  - 1.4  I  -I.  W 

•  00*1  *0*  4ft  -0*70  >0.54 
•00*  0  *0.41  -0,40  *0.41 
•01,4  *0*M  -0*44  -0*47 
•(4.  4  *0,  4*  -C*«»  -0.  14 

•  M»f  >0.  Oft  -?,tl  -0*07 

•  11*1  >0,00  -0*00  •0,01 

♦It*  •  *0,  Oft  -0.  10  -3*00 


0-M  0-  NT  I  7 

,  ,  00,  4  5  O'*.  *  I 

•1.04  *0.  40* 04, 07  00.  4 6 
•5.04  *0,14  Cl,  74  00,  94 
•1.10  «  I  >  14*01  >  41  01.33 
•6,  44  *0,  *4.01,  13  01,  49 
•0.  33  *0.  34-00.44  08,  10 
■4,  14  *0.  4*  <00,  45  Ot,  >9 
-0,  14  *0,  >J  OO,  97  01, 70 

•  1,04  *  0.34-00,  00  01,04 

•  4,  01  *0.  37/00,6#  01,11 
•1.45  *0.48  00.44  00,46 


*  P  * 

5.  OB  >414  2 

14.64  140*4  3 

0.00  043  6 

•  1.  79  44744  ft 

14.0,  14471  0 

135.14  OO  1 

31.  46  *1033  4 

•-05  ’711  9 

440  .  0  4  00  I 

ft*  *0  5409  4 


NN-TWfWATUM 


l  MOO  i  .  31  ♦©>,  • 
a  mi  iioo  «33.a 

3  4444  13*3  *03.4 

4  4941  1*10  *03.7 
0  4**9  11*9  *03.4 
4  4400  7144  *03.4 


It  # 
‘04.4  393,4 
-06.4  303,0 
•03.4  304.3 
•31.4  >01.8 
•OC,  I  B99,  7 
•00.9  Ml,  ft 


303.4  03,16  00..  .  jfl.O  4.33 

>04.c  0:,4’  oa.  J7  05.1  Ot.  )  CO.C  4.14 
306,0  03,7*  00.  4  1  04. t  04.1  DC,  0  4.47 

301.  o  OB,  ftS  08.  I  J  70.6  Cl.  4  00.0  5.  44 

1«V«4  06,  41  03,48  19.9  U0.4  00.0  t,9fc 

110.4  04,  74  03,  *  3  *0.6  C0.4  00.0  l.tj 


08.4 
09,  4 
Ot.  I 

01.  4 
00.9 
OC.I 


X  m 
i 

4  Ml 

3  0071 

4  OOt7 

5  CMS 

4  MM 


TV  0- 1  0-4 

•03,4 

•03.4  *0.  49  -0,  3  3 
♦03,0  *0.00  -0.  43 
♦04,0  -0.  10  -1.41 
*03,4  -  0,  60  -i,  4* 
•  04.4  -0.44  -0.4* 


0-^  0-M  G-NT  I  M 

•  »  i  08 >  01  00.  *« 

-0,4*  -3,«9  *0,  51- 01,  00  C3,  *3 
*0,  36  -5.48  •  I,  04’0  I ,  Tt  CO.  *6 
-  I*  ft*  -t.ftl  •Itll'OliM  C..9* 
-8,03  -4,96  *1,64*01*90  04,03 
•0,11  -0.74  •0.  361 01,  41  04,  33 


*  0  t 

84,  41  84*98  8 

15,03  16**5  ) 

O.  46  V»  4 
0,  65  69N  5 

19.  75  BO#  71  * 


■  N*  flUCHt  10*11  T< 


I  INI  1510  •01,1  ■00,1  B*»,e  JI0.4  04,6#  Cl,  61  61.  Ct  OO.t  00.  0  0.30  01.0 
4  44*9  1141  404,  3  *08,  4  #94,7  318.0  06.09  05,01  73,  t  VO.  ft  03,  'l  6.  33  OU.* 


TV  0-1  0-K  C- $  C-M  C-P1  1  N 

•03*1  *  .  .  .  .  01.  SJ  01,0 

•  05.1  <0,91  -0,  60  -0,44  -5.  16  M*.  44  01,  18  0  3,  67 


16,  i  ft  I«g  18  i 


maj  i 

RaB  In  airt  unit*:  10~12|ic/cb^ 


Station  designations:  Z  Zugspits#  2964  ■  a.a.l. 

W  Wank  1780  m  a.a.l. 

<J  Oarmisoh-Partenicirohen  730  n» 


Measurement  periods  :  a  »  2150  -  0920,  b  ■  0950  -  1220, 

c  ■  1250  -  1620.  (Central  European  lime) 

Month:  July  1970  ("No  measurement"  is  denoted  by:  -  ) 


a  b  c 


Z 

W 

0 

Z 

W 

0 

Z 

W 

0 

1 . 

0,5 

7 

130 

14,2 

16 

82 

7,9 

61 

85 

2. 

57 

233 

12,2 

24 

64 

14,8 

- 

58 

3. 

8,1 

28 

108 

8,8 

16 

43 

7,1 

10 

37 

4. 

3,3 

18 

130 

1,9 

11 

46 

3,9 

17 

57 

5. 

- 

- 

171 

- 

- 

54 

- 

- 

- 

6. 

4,2 

_ 

263 

4,9 

57 

145 

17,5 

64 

92 

7. 

4,1 

49 

299 

20,4 

109 

160 

60,6 

108 

150 

8. 

5,8 

116 

256 

71  ,7 

145 

237 

90,3 

154 

229 

9. 

75 

194 

53,9 

76 

128 

31,8 

11 

57 

10. 

32,7 

90 

304 

58,7 

81 

116 

62,9 

81 

86 

11. 

100,3 

135 

333 

86,5 

146 

151 

92,8 

90 

129 

12. 

- 

■» 

268 

- 

- 

115 

- 

- 

- 

13. 

49,7 

150 

• 

80,9 

171 

228 

96,2 

141 

189 

14. 

65,5 

87 

313 

68,2 

113 

180 

66,9 

103 

131 

15. 

3,7 

4 

35 

2,5 

7 

39 

1,5 

10 

53 

16. 

3,2 

7 

80 

1,3 

4 

58 

0,8 

38 

17. 

1,7 

2 

54 

0,5 

4 

50 

0,6 

- 

46 

18. 

2,6 

15 

180 

7,7 

35 

93 

5,4 

21 

53 

19. 

- 

172 

- 

- 

88 

- 

- 

- 

20. 

75,1 

- 

306 

99,9 

157 

208 

93,2 

168 

153 

2U 

63,7 

63 

148 

79,3 

77 

135 

55,9 

86 

89 

22.. 

*9,7 

156 

336 

64,0 

150 

200 

83,1 

113 

138 

23. 

68,3 

107 

320 

78,3 

157 

291 

114,2 

105 

147 

24. 

75,8 

75 

200 

84,4 

126 

- 

88,2 

104 

183 

25. 

1,6 

14 

- 

1,6 

9 

- 

1,2 

14 

38 

26. 

_ 

• 

38 

27. 

1,4 

15 

173 

2,1 

15 

128 

3,4 

23 

113 

28. 

5,2 

74 

316 

13,3 

46 

190 

69,3 

108 

186 

29. 

77,4 

68 

307 

111,4 

110 

131 

17,6 

32 

96 

30. 

49,3 

97 

304 

58,1 

150 

213 

73,1 

118 

152 

31. 

44,2 

89 

240 

55,2 

126 

184 

65,4 

46 

- 

XIMi  ** 

RaB  in  air)  units:  ICT^nc/c*^ 


Station  Designations: 

Measurement  periods  : 
Month:  August  1970 


Z  Zugspitse  2964  a  a.a.l. 

V  Wank  1780  m  a.a.l. 

0  Oaralsch-Pnrtsnkirchsn  750  s  a.s.l. 

a  >  2150  -  0920,  b  ■  0950  -  1220, 
c  «  1250  -  1620.  (Central  European  lime) 

("No  measurement"  is  denoted  by:  -  ) 


a 

b 

c 

Z 

W 

0 

Z 

W 

0 

Z 

W 

0 

1. 

22,1 

49 

297 

40,5 

112 

246 

51,2 

44 

65 

2. 

— 

- 

• 

— 

— 

174 

— 

_ 

• 

3. 

31 ,8 

101 

- 

63,2 

111 

67,2 

77 

- 

4. 

38,8 

69 

286 

41,0 

36 

148 

70,4 

108 

145 

5. 

110,3 

147 

359 

99,8 

125 

143 

89,7 

82 

- 

6. 

71,3 

160 

333 

76,2 

166 

268 

97,0 

137 

191 

7. 

142,6 

107 

349 

87,* 

95 

188 

73,0 

94 

- 

0. 

50,4 

49 

242 

45,6 

87 

120 

25,2 

48 

96 

9. 

- 

- 

161 

- 

• 

130 

- 

- 

10. 

1,5 

- 

569 

1,6 

4 

338 

- 

7 

431 

11. 

0,3 

32 

466 

58 

174 

_ 

26 

112 

12. 

2.7 

18 

165 

10,7 

5C 

107 

46,6 

56 

- 

13. 

28,4 

98 

- 

39,8 

106 

- 

78,5 

122 

132 

14. 

15. 

83,7 

107 

«* 

388 

73,5 

136 

mm 

200 

53,4 

77 

100 

16. 

17. 

28,3 

98 

268 

0,8 

17 

153 

3,6 

18 

109 

18. 

15,6 

67 

215 

13,3 

103 

169 

40,0 

99 

133 

19. 

70,5 

172 

426 

85,6 

232 

295 

105,0 

154 

134 

20. 

77,8 

110 

449 

101,7 

132 

150 

53,7 

23 

110 

21. 

3,8 

10 

90 

4,4 

9 

66 

9 

61 

22. 

5,1 

25 

151 

7,8 

35 

93 

28,6 

41 

68 

23. 

- 

— 

258 

- 

«- 

109 

- 

- 

- 

24. 

- 

- 

194 

1,7 

20 

243 

1,2 

19 

102 

25. 

21,9 

62 

304 

19,9 

91 

158 

35,3 

76 

93 

26. 

15,5 

101 

306 

24,1 

128 

207 

82,2 

86 

117 

27. 

72,0 

100 

382 

78,3 

50,7 

104 

203 

86,3 

125 

189 

28. 

28,3 

48 

217 

58 

130 

82,6 

70 

153 

29. 

75,2 

115 

318 

94,5 

140 

240 

87,4 

156 

210 

30. 

- 

- 

503 

- 

- 

174 

- 

- 

- 

31. 

33,1 

- 

306 

36,0 

121 

198 

39,5 

101 

133 

TABLK  III 

RaB  In  airi  units  I 


Station  Designations:  Z  Zugspitze 

I  t# 

w  VrU.Ul 

0  OamiBch-Partenici: 

i 

j  Measurement  periods  1  a  ■  2150  -  0920,  b  : 

!  o  «  1250  -  1620.  (Ci 

i  Month:  September  1970  ("No  measurement"  is 

| 

a  b 

2  V  g  Z  W  G 


tl 

1 1 


1.  8,3  56 

2.  38,4  80 

3.  76,4  124 

4.  2,4  41 

5.  2,7  22 

6. 

7.  3,1  40 

8.  65,6  120 

9.  67,9  136 

10.  54,0  112 

11.  63,2  91 

12.  37,8  20 

13. 

14.  29,4  58 

15.  83,7 

16.  4,3  16 

17.  6,3  38 

18.  5,5  26 

19.  27,3  108 

20. 

21.  8,0  46 

22.  1,6  48 

23.  4,8  89 

24.  8,4  84 

25.  2,6  10 

26.  5,4  41 

27. 

28.  5,8  19 

29.  13,6  64 

30.  5,9  44 


| 


535 

3,7 

33 

117 

167 

45,5 

114 

154 

448 

104,4 

127 

250 

279 

3,7 

22 

67 

342 

- 

4 

114 

92 

_ 

_ 

57 

136 

10,4 

54 

115 

276 

44,5 

131 

230 

279 

69,7 

181 

255 

301 

59,7 

101 

157 

326  - 

62,8 

65 

105 

88 

51,8 

35 

104 

107 

- 

- 

44 

258 

26,3 

153 

160 

394 

124,8 

131 

208 

74 

2,3 

11 

84 

235 

3,5 

28 

53 

275 

11,1 

53 

184 

380 

26,9 

177 

376 

504 

- 

- 

237 

527 

1,6 

92 

150 

697 

12,4 

143 

201 

273 

5,9 

117 

153 

410 

0,9 

109 

201 

331 

5,6 

70 

175 

401 

3,2 

138 

230 

419 

- 

- 

257 

311 

6,6 

74 

265 

384 

36,2 

109 

315 

329 

12,8 

50 

200 

I 


I 


RaB  in  air  j  units 


Station  Designations t 


Measurement  periods  : 
Month:  October  1970 


Z  Zugspitse  2964  a  a.s.l. 

W  Wank  1780  m  a.s.l. 

4n<nni4  w4awW4  wnV ««  m  n  A  7 

m  MsutalBwn-asfca  eauaaavitqfl  f  >w  am  o*  a»  a* 

a  »  2150  -  0920,  b  ■  0950  -  1220, 
o  -  1250  -  1620.  (Central  European-  Time) 

("No  measurement"  is  denoted  by:  -  ) 


Z 

a 

W 

0 

Z 

b 

W 

0 

Z 

c 

W 

0 

1. 

_ 

4 

130 

_ 

6 

47 

2 

53 

2. 

1,7 

16 

99 

0,2 

9 

96 

0,1 

8 

34 

3. 

2,7 

3 

45 

0,9 

- 

35 

2,4 

2 

15 

4. 

- 

59 

- 

56 

- 

- 

5. 

1,1 

11 

175 

0,6 

11 

145 

0,9 

27 

126 

6. 

15,5 

22 

190 

20,6 

74 

143 

50,3 

103 

174 

7. 

24,8 

86 

210 

29,3 

77 

107 

65,6 

80 

109 

8. 

40,3 

43 

251 

26,3 

61 

245 

34,8 

50 

294 

9. 

40,7 

49 

631 

40,5 

40 

410 

45,9 

74 

401 

10. 

27,7 

71 

276 

28,6 

74 

123 

52,8 

103 

392 

11. 

• 

359 

_ 

_ 

653 

« 

_ 

» 

12. 

12,4 

51 

238 

9,9 

124 

431 

14,0 

155 

399 

13. 

8,8 

84 

407 

7,0 

112 

382 

15,9 

168 

270 

14. 

16,4 

65 

727 

20,2 

232 

373 

46,4 

192 

392 

15. 

4,7 

78 

263 

5,4 

150 

200 

5,7 

34 

141 

16. 

7,4 

61 

412 

9,9 

82 

322 

16,7 

78 

141 

17. 

6,8 

61 

700 

4,4 

79 

361 

16,6 

145 

354 

18. 

- 

- 

395 

- 

- 

464 

- 

- 

- 

19. 

11,8 

18 

297 

13,6 

31 

282 

19,6 

69 

203 

20. 

13,1 

11 

71 

6,0 

4 

136 

9,7 

3 

171 

21 . 

10,9 

25 

159 

5,2 

21 

74 

4,1 

20 

74 

22. 

1 1,1 

52 

22e 

14,7 

19 

63 

13,4 

40 

90 

23. 

- 

7 

129 

3,5 

3 

57 

3,2 

4 

18 

24. 

14,2 

23 

175 

9,6 

61 

112 

12,9 

69 

102 

25. 

- 

- 

221 

- 

117 

- 

- 

- 

26. 

_ 

9 

— 

2,3 

10 

345 

6,6 

36 

200 

27. 

13,3 

44 

493 

13,4 

33 

345 

16,4 

105 

193 

28. 

7,2 

38 

487 

6,0 

66 

264 

16,1 

60 

169 

29. 

3,4 

17 

302 

0,8 

9 

138 

2,0 

7 

149 

30. 

6,5 

15 

286 

2,5 

35 

208 

8,4 

25 

205 

31. 

7,6 

13 

208 

7,3 

18 

305 

14,6 

21 

252 

TABLE  -V 


i  Z  Zugopiwae  23w4  m 

W  Wank  1780  m  a.B.l. 

G  Garmisch-Partenkirchen  730  m  a.B.l. 


Measurement  periods  s  a  «  2150  -  0920,  b  =  0950  -  1220, 

c  *  1250  -  1620.  (Central  European  Time) 

Month:  November  1970  ("No  measurement"  is  denoted  by:  -  ) 


Z 

a 

W 

G 

Z 

b 

W 

G 

Z 

c 

W 

G 

1 . 

221 

145 

2. 

4,8 

10 

271 

9,8 

7 

82 

12,0 

10 

56 

3. 

14,4 

22 

276 

11,6 

9 

35 

12,2 

11 

34 

4. 

26, y 

51 

319 

19,4 

65 

129 

24,8 

77 

134 

5. 

7,0 

15 

416 

8,3 

10 

196 

4,2 

5 

36 

6. 

14,2 

9 

54 

4,5 

8 

41 

9,3 

16 

58 

7. 

20,1 

65 

384 

19,7 

125 

320 

49,5 

193 

289 

8. 

- 

446 

- 

- 

383 

- 

- 

“ 

9. 

35,2 

48 

484 

15,2 

47 

373 

13,5 

29 

91 

10. 

10,8 

17 

64 

3,6 

14 

45 

7,8 

13 

46 

11. 

4,7 

28 

334 

2,6 

25 

196 

2,3 

6 

270 

12. 

11,0 

30 

366 

11,4 

41 

222 

17,7 

83 

177 

13. 

82,9 

83 

415 

80,1 

136 

241 

86,8 

116 

183 

14. 

65,3 

88 

521 

€1,1 

136 

310 

67,8 

26 

263 

15. 

- 

«• 

211 

- 

“ 

91 

- 

- 

— 

16. 

7,9 

5 

109 

10,3 

4 

78 

17,0 

7 

79 

17. 

3,3 

21 

315 

1,3 

10 

228 

0,7 

2 

227 

18. 

16,6 

36 

327 

18,5 

70 

291 

28,1 

78 

245 

19. 

32,2 

32 

302 

39/4 

29 

209 

48,1 

70 

146 

20. 

11,7 

10 

193 

10,6 

7 

189 

9,3 

28 

99 

-21. 

45,8 

384 

57,9 

— 

174 

44,3 

- 

61 

*2. 

— 

- 

194 

- 

- 

86 

- 

- 

- 

23. 

3,4 

19 

306 

2,9 

14 

145 

- 

23 

146 

24. 

2,8 

7 

236 

1,9 

5 

188 

1,3 

5 

209 

25. 

4,7 

22 

245 

3,6 

16 

189 

1,3 

83 

294 

26. 

5,9 

11 

285 

0,3 

25 

271 

47 

247 

27. 

3,4 

24 

551 

0,7 

40 

308 

0,4 

61 

403 

28. 

2,9 

- 

202 

2,1 

- 

187 

23,5 

- 

158 

29. 

• 

197 

- 

- 

340 

- 

- 

- 

30. 

57,7 

33 

546 

7,6 

5 

620 

7,2 

14 

261 

St.Mt.tnn  Deeisnationt  Z  Zugapitse  2964  »  a.s.l. 

"  vfank  17 BO  m  a.e.I. 

0  Qarmlech-Partenkirchen  730  m  a.B.l. 

Measurement  periods:  a  ■  2150  -  0920,  b  ■  0950  -1220. 

*  b  «  1250  -  1620,  (Central  European  lime) 

Month:  December  1970  ("No  measurement"  is  denoted  by:  -  ) 


ZW3  ZWO  ZW3 


1 . 

22,9 

70 

350 

24,9 

85 

292 

55,4 

92 

315 

2. 

6,7 

9 

285 

7,5 

18 

175 

7,5 

22 

146 

3. 

10,9 

27 

279 

21 

224 

- 

4 

135 

4, 

11 

233 

4,1 

15 

250 

- 

- 

181 

5. 

15,0 

317 

4,7 

- 

371 

2,1 

— 

59 

6. 

_ 

343 

_ 

183 

- 

- 

- 

7. 

57,0 

505 

73,9 

85 

648 

74,6 

226 

333 

8. 

42,0 

23 

187 

38,7 

23 

205 

9,4 

72 

233 

9. 

3,2 

17 

513 

1,3 

10 

397 

1 ,5 

10 

401 

10. 

2,9 

•  6 

746 

0,2 

12 

672 

38 

551 

11. 

3,1 

16 

1045 

1,6 

13 

557 

1,4 

36 

509 

12. 

6,8 

49 

239 

6,1 

23 

228 

9,7 

33 

344 

13. 

•m 

317 

- 

— 

570 

— 

— 

• 

14. 

17,6 

142 

824 

14,2 

148 

825 

30,7 

140 

750 

15. 

32,3 

10 

173 

5,4 

12 

108 

16,3 

15 

102 

16. 

11 

257 

2.1 

16 

332 

3,2 

27 

234 

17. 

2,4 

7 

804 

0,9 

9 

830 

•• 

50 

630 

18. 

7,8 

16 

686 

5,6 

17 

670 

7,4 

33 

430 

19. 

5,8 

54 

429 

5,3 

74 

378 

3,6 

105 

280 

20. 

- 

554 

- 

- 

715 

*■ 

21. 

2,7 

15 

555 

1,4 

26 

685 

6,5 

16 

485 

22. 

11,3 

6 

88 

8,9 

14 

84 

18,7 

1 6 

102 

23. 

20,4 

44 

436 

21  ,7 

21 

260 

15,9 

28 

152 

24. 

11,2 

28 

- 

13,8 

43 

598 

- 

- 

272 

25. 

- 

- 

490 

- 

— 

495 

“■ 

26. 

_ 

— 

750 

- 

- 

- 

27. 

_ 

328 

- 

- 

850 

- 

- 

- 

28. 

52,0 

52 

559 

47,4 

57 

510 

62,2 

79 

546 

29. 

34,8 

88 

504 

31,9 

93 

466 

25,3 

38 

434 

30. 

39,3 

113 

430 

63,9 

168 

488 

71,1 

68 

494 

31. 

78,5 

61 

713 

54,2 

103 

292 

- 

- 

278 

TABUS  VII 


Station  Designations: 

Measurement  periods  : 
Month :  January  1971 


- 1 2  Z 

RaB  in  air;  unite  10  ;jtc/cnr 

Z  Zugspitze  2964  m  a.s.l. 

w  Wank  1760  a  a.s.l. 

G  Garni sch- Part enkirchen  750  m  a.s.l. 

a  =  2150  -  0920,  b  =  0950  -  1220, 
c  =  1250  -  1620,  (Central  European  Time) 

("No  measurement"  is  denoted  by:  -  ) 


1 

m 

c 

Z 

W 

G 

Z 

w 

G 

Z 

W 

G 

1 . 

_ 

182 

. 

120 

2. 

3,2 

12 

444 

2,3 

8 

415 

3,1 

10 

459 

3. 

- 

- 

1150 

- 

- 

721 

- 

- 

- 

4. 

17,6 

6 

514 

31,5 

54 

368 

34,6 

133 

330 

5. 

25,1 

74 

650 

12,5 

79 

1006 

17,0 

120 

844 

6. 

— 

• 

402 

_ 

481 

_ 

7. 

8,6 

51 

347 

6,7 

19 

319 

7,4 

0,7 

45 

331 

8. 

4,4 

8 

247 

3,0 

13 

291 

13 

399 

9. 

1,9 

5 

256 

0,1 

4 

350 

5,2 

22 

345 

10. 

- 

- 

279 

- 

- 

413 

- 

11. 

30,8 

30 

290 

32,5 

30 

292 

25,5 

30 

287 

12. 

34,1 

85 

508 

25,6 

111 

445 

31,4 

186 

344 

13. 

21,4 

124 

661 

14,3 

145 

880 

17,1 

160 

509 

14. 

26,4 

36 

334 

30,6 

26 

371 

32,5 

30 

558 

15. 

84,1 

198 

516 

63,4 

195 

536 

109,2 

128 

150 

16. 

30,2 

127 

588 

25',  3 

151 

599 

25,5 

147 

304 

17. 

- 

- 

560 

- 

- 

420 

- 

- 

IS. 

12,8 

107 

434 

10,2 

79 

445 

25,9 

217 

443 

19. 

57,5 

81 

441 

52,6 

73 

497 

48,3 

95 

327 

20. 

52,9 

91 

480 

35,1 

77 

511 

34,9 

107 

431 

21. 

31,2 

53 

388 

27,2 

25 

498 

36,4 

22 

369 

22. 

11,7 

31 

- 

11,7 

19 

403 

19,4 

24 

416 

23. 

30,9 

91 

400 

23,8 

119 

342 

21 ,1 

124 

213 

24. 

- 

- 

314 

- 

- 

139 

- 

- 

— 

23. 

17,3 

- 

321 

32,9 

62 

348 

36,3 

37 

198 

26. 

11,3 

27 

350 

9,9 

12 

338 

9,0 

22 

291 

27. 

32,7 

59 

330 

27,5 

77 

297 

35,1 

71 

160 

28. 

11,7 

11 

176 

11,7 

12 

207 

12,3 

17 

109 

29. 

10,3 

119 

467 

7,4 

29,4 

122 

278 

12,6 

145 

184 

30. 

26,5 

99 

336 

86 

294 

24,2 

61 

198 

31. 

— 

144 

• 

78 

TABLE  VIII 


4  0  f 

RaB  in  air;  units  10  iic/cbt 


Station  Designations:  Z  Zugapitse  2964  m  a.s.l. 

W  Wank  17Q0  a  a.s.l. 

0  Parmisch-Partenkirohen  730  m  a.s.l. 

Measurement  periods  :  a  =  2150  -  0920,  b  »  0950  -  1220, 

c  ■  1250  -  1620.  (Central  European  Time) 

Month:  February  1971  ("No  measurement"  is  denoted  by:  -  ) 


Z 

a 

w 

0 

Z 

b 

w 

a 

Z 

c 

W 

0 

1. 

20,5 

26 

498 

41,8 

102 

390 

45,5 

72 

235 

2. 

4,1 

27 

57 

2,0 

26 

60 

5,7 

86 

74 

3. 

3,0 

7 

430 

2,1 

10 

333 

0,2 

12 

352 

4. 

11,9 

3 

65 

16,1 

4 

64 

11,1 

15 

85 

5. 

5,2 

5 

388 

1,0 

10 

308 

26 

305 

6. 

8,6 

2 

224 

.. 

6 

445 

0,8 

26 

392 

7. 

- 

- 

772 

- 

- 

283 

- 

- 

- 

8. 

2,8 

5 

414 

0,3 

22 

212 

1,0 

34 

134 

9. 

3,1 

31 

457 

0,5 

66 

415 

121 

298 

10. 

2,0 

91 

635 

117 

644 

- 

192 

478 

11. 

2,4 

156 

677 

0,8 

158 

910 

0,1 

170 

592 

12. 

5,1 

76 

487 

- 

31 

364 

24,3 

26 

135 

13. 

8,1 

64 

388 

9,1 

67 

425 

33,6 

153 

184 

14. 

- 

- 

615 

- 

- 

277 

• 

- 

- 

15. 

103,7 

85 

362 

75,4 

149 

- 

104,3 

185 

362 

16. 

54,7 

56 

281 

35,2 

34 

184 

53,5 

16 

33 

17. 

7,1 

20 

264 

5,3 

12 

6,6 

22 

— 

18. 

7,3 

17 

- 

4,1 

8 

280 

9,9 

21 

275 

19. 

12,3 

20 

399 

11,6 

21 

367 

24,5 

22 

141 

20. 

12,1 

7 

47 

12,9 

20 

79 

12,1 

16 

66 

21. 

_ 

348 

210 

22. 

8,6 

23 

388 

3,0 

15 

96 

6,0 

7 

38 

23. 

5,1 

7 

47 

4,6 

7 

25 

5,5 

5 

36 

24. 

5,7 

15 

236 

1,5 

29 

117 

1,1 

78 

93 

25. 

1,8 

19 

367 

6,1 

14 

203 

6,2 

7 

63 

26. 

— 

— 

46 

8,6 

7 

34 

12,0 

6 

40 

27. 

- 

14 

33 

- 

17 

48 

22,5 

21 

63 

28. 

- 

- 

338 

- 

- 

109 

- 

- 

- 

TABLE  IX 

ts  in  >4vi  n«<t* 


Station  Designations: 


Zugepitze 

Wank 

Qarroi  soh-Par t  enki  r  chen 


2964  m  a.a.l. 
17BU  m  a.B.i. 
730  m  a.s.l. 


Measurement  periods  :  a  ■  2150  -  0920,  b  »  0930  -  1220, 

c  ■  1250  -  1620.  (Central  European  Time) 


Month: 


roh  1971 


("No  measurement"  ie  denoted  by:  -  ) 


1. 

58,9 

72 

85 

57,4 

73 

117 

65,2 

70 

128 

2. 

14,6 

90 

482 

22,9 

128 

255 

6,0 

133 

210 

3. 

41,1 

71 

470 

- 

113 

349 

98,4 

112 

215 

4. 

62,9 

133 

147 

45,6 

117 

170 

13,9 

107 

130 

5. 

49,2 

75 

553 

51,2 

109 

209 

69,6 

- 

129 

6. 

45,4 

95 

461 

52,9 

169 

420 

55,8 

176 

230 

7. 

- 

- 

613 

- 

- 

198 

- 

- 

- 

8. 

28,9 

136 

470 

16,7 

136 

312 

16,4 

182 

320 

9. 

11,3 

130 

756 

19,9 

192 

544 

14,7 

101 

266 

10. 

5,8 

27 

272 

34,3 

13 

137 

18,7 

18 

54 

11. 

18 

101 

9,2 

15 

87 

13 

64 

12. 

5,5 

19 

124 

1,5 

12 

79 

7,1 

16 

101 

13. 

4,4 

16 

266 

1,7 

35 

207 

5,0 

65 

189 

14. 

- 

- 

336 

• 

242 

- 

- 

15. 

23,1 

180 

407 

17,1 

169 

334 

62,9 

157 

196 

16. 

64,2 

12 

128 

23,0 

6 

69 

24,1 

8 

58 

17, 

10,2 

18 

232 

0,8 

38 

125 

22,4 

24 

138 

18. 

27,1 

90 

270 

29,8 

79 

221 

100,3 

69 

162 

19. 

24,6 

30 

292 

22., 2 

37 

176 

41,2 

47 

158 

20. 

32,8 

37 

201 

42,7 

35 

105 

31,3 

23 

63 

21. 

_ 

93 

41 

22. 

16,4 

28 

195 

13,4 

39 

165 

85,8 

75 

162 

23. 

24,9 

8 

60 

26,3 

21 

61 

- 

5 

80 

24. 

8,7 

92 

274 

0,6 

91 

212 

2,9 

63 

124 

25. 

5,7 

42 

381 

16,4 

80 

201 

29,4 

51 

78 

26. 

10,5 

18 

91 

15,8 

19 

57 

18,3 

13 

42 

27. 

16,8 

3 

57 

17,2 

12 

38 

13,1 

13 

35 

28. 

— 

- 

138 

- 

- 

61 

- 

- 

29. 

6,2 

- 

259 

1,4 

58 

108 

37,1 

36 

71 

30. 

4,4 

86 

350 

10,7 

122 

201 

1,2 

122 

108 

31 


87,8 


317 


94,7  116  352 


147,6  106  266 


TABLE  X 

RaB  in  air;  units  10"12^0/on^ 

Station  Designations s  Z  Zugapitse  2964  m  a.s.l. 

W  Wank  1780  m  a.s.l. 

S  Saraisoh-Partsnklrchsn  730  a  a.s.l. 

Measurement  periods  :  a  s  2150  -  0920,  b  a  0950  -  1220, 

c  s  1250  -  1620.  (Centred  European  Time) 

Month:  April  1971  ("No  measurement"  is  denoted  byt  -  ) 


142  286 

92  254 

-  176 

-  49 

-  102 

87  295 
18  52 
71  245 

124  402 


118  152 
72  104 


Z 

a 

W 

0 

Z 

b 

W 

Q 

Z 

c 

w 

0 

> 

1. 

13,4 

75 

324 

3,2 

87 

210 

64,6 

85 

i89  ; 

2. 

39,0 

132 

388 

44,2 

134 

259 

73,5 

152 

242 

3. 

82,1 

122 

382 

108,0 

141 

229 

115,3 

98 

179  , 

4. 

- 

• 

- 

- 

- 

61 

- 

mt 

-  i 

5. 

35,5 

74 

316 

38,7 

98 

139 

73,0 

67 

104  1 

6. 

26,2 

67 

330 

29,5 

63 

103 

51,3 

47 

92 

7. 

56,2 

109 

276 

75,1 

99 

147 

105,4 

111 

157 

8. 

37,3 

109 

265 

15,4 

42 

149 

62,2 

95 

129 

9. 

- 

- 

311 

- 

- 

156 

- 

- 

- 

10. 

61,4 

97 

507 

35,7 

153 

263 

70,6 

174 

255  ,i 

11. 

_ 

203 

132 

12. 

- 

- 

228 

• 

- 

90 

• 

• 

• 

13. 

8,5 

44 

261 

1,6 

47 

94 

30,3 

56 

75 

14. 

5,8 

56 

304 

1,0 

63 

130 

23,5 

22 

53 

15. 

8,5 

63 

242 

1,8 

76 

162 

34,7 

105 

150 

16. 

53,9 

76 

332 

54,6 

81 

101 

47,6 

76 

102 

17. 

- 

145 

381 

52,6 

24 

88 

16,0 

19 

91 

18. 

- 

- 

178 

- 

- 

102 

• 

. 

_ 

19. 

8,1 

122 

256 

32,4 

145 

203 

92,2 

139 

166 

20. 

77,1 

129 

372 

109,3 

140 

145 

75,0 

85 

101 

21. 

• 

122 

289 

48,4 

117 

187 

61,9 

110 

138 

TABLE  XI 

4  p  * 

RaB  in  air;  unita  10  ^C/cb 


Station  Designations; 

X*Miir«mnt  parlnda  t 
Month:  Mar  1971 


Z  Zugspltse  2964  m  a.a.l. 

0  Garmi eoh-Par t  enkirchen  730  to  a.a.l. 

a  ■  2150  -  0020.  b  -  0950  -  1220. 

0  ■  1250  -  1620.  (Central  European  Time) 

("Ho  measurement"  is  denoted  by:  -) 


a 

b 

c 

z 

w 

0 

z 

W 

6 

Z 

W 

G 

1. 

- 

. 

282 

. 

- 

193 

— 

a. 

2. 

- 

- 

203 

- 

- 

190 

— 

-» 

— 

3. 

5S5 

- 

220 

49,6 

118 

207 

53,9 

100 

155 

4. 

67,6 

91 

220 

70,0 

98 

195 

92,6 

95 

194 

5. 

75,8 

90 

329 

64,8 

68 

207 

45,7 

76 

198 

6. 

39,3 

64 

299 

53,1 

49 

140 

61,4 

79 

110 

7. 

36,6 

52 

306 

31,8 

68 

126 

62,3 

65 

100 

8. 

30,3 

- 

429 

37,3 

— 

317 

26,4 

— 

223 

9. 

- 

- 

336 

_ 

100 

- 

— 

10. 

49.2 

- 

595 

65,6 

130 

247 

32,7 

47 

144 

11. 

39,4 

77 

204 

41,1 

81 

179 

47,4 

49 

95 

12. 

28,5 

56 

185 

49,0 

53 

68 

53,0 

80 

103 

13. 

131,3 

134 

340 

90,4 

125 

128 

42,7 

66 

91 

14. 

35,9 

29 

260 

13,6 

8 

128 

28,0 

61 

139 

15. 

33,9 

43 

398 

39,7 

87 

154 

5233 

73 

81 

16. 

_ 

228 

75 

17. 

19,5 

Ill 

172 

34,9 

45 

113 

52,3 

86 

117 

16. 

29,0 

129 

277 

40,2 

39 

103 

45,4 

45 

111 

19. 

23,0 

50 

150 

44,8 

52 

79 

67,5 

54 

97 

20. 

- 

- 

251 

- 

- 

158 

- 

- 

21. 

58,0 

128 

203 

62,8 

94 

94 

44,1 

27 

73 

22. 

19,5 

33 

174 

35,5 

46 

69 

45,8 

39 

78 

23. 

- 

213 

- 

- 

159 

— 

24. 

85,2 

110 

289 

84,7 

97 

118 

72,2 

53 

114 

23. 

71,5 

70 

168 

57,6 

74 

116 

45,9 

69 

112 

26. 

31,1 

42 

128 

48,8 

41 

102 

35,8 

25 

58 

27. 

25,7 

29 

190 

40,5 

15 

153 

55,2 

39 

144 

26. 

24,6 

44 

147 

25,0 

56 

89 

14,3 

21 

69 

29. 

19,7 

24 

111 

33,2 

23 

78 

30,7 

35 

80 

30. 

- 

- 

148 

- 

- 

121 

- 

- 

- 

31. 

m 

. 

308 

_ 

145 

TABLB  III 


RaB  in  air^  units  10  "'nG/cm' 


Station  Designations! 


Zugspitse 

Wank 

Garmisch-Partenkirchen 


2964  m  a.s.l. 
1780  n  a.s.l. 
730  m  a.s.l. 


a  -  2150  -  0920,  b  -  0950  -  1220, 
c  m  1250  -  1620.  (Central  European  Time) 

("No  measurement"  is  denoted  by:  -) 
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II.  IROMIORIH*  MILITARY  ACTIVITY 


US  Army  Research  A  Development  Op  (EUR) 
Box  15,  FPO  Nev  fork  09510 


he  investigations  continued  during  the  reporting  period  essentially  as 
described  in  preceding  reports.  The  objectives  were: 

a.  To  shield  the  cable  car  telemetry  systems  against  all  effects  of  the 
weather  and  to  obtain  by  them  homogeneous  series  of  recordings; 

b.  to  develop  and  apply  the  physical  and  mathematical  bases  for  the 
complete  numeric  evaluation  of  the  recording  runs,  up  to  and  including 
computation  of  the  Incremental  exchange  coefficients; 

c.  to  continually  record  at  the  Khree  stations  the  Aitken  nuclei  con¬ 
centrations,  natural  radioactivity  (RaB,  RaC) ,  and  polar  RJonductivities , 
and  to  utilize  them  in  the  evaluations*}  aTliT 

d.  to  derive  initial  deductions  from  the  results. 

The  entire  evaluation  technique  was  completely  changed.  A  new  computer 
(Inter technique  Multi  8)  with  12  k  words  (  1  word  =  9  bit)  affords  us 
the  possibility  to  perform  the  entirety  of  all  computation  processes  in 
one  single  operation,  and  to  print  them  out  in  tables.  / 
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